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fastest acting local anesthetic— 
as safe as itis effective 


How safe is Xylocaine? In five years, over 500,000,000 injections of Xylocaine HCI 
Solution have been given. “The apparent clinical safety of Xylocaine is gratifying, for j 
without this quality, its additional properties would not warrant an enthusiastic report. 

Nor would safety alone call for a high recommendation unless additional desirable properties 

were to be found. The truth of the matter is, however, that Xylocaine approaches the ideal ( 
drug more closely than any other local anesthetic agent we have today.”* 


How effective is Xylocaine? Xylocaine HCI Solution produces more rapid, complete, and 
deeper anesthesia than other local anesthetics used in equivalent doses. By infiltration, é3 
Xylocaine gives a wide area of analgesia, and surrounding tissues are also anesthetized. 
The long duration of Xylocaine action reduces the need for additional injections. At the 
same time, it assures greater comfort for a longer period—often when it’s needed most. 


How does Xylocaine fit into my practice? Xylocaine is the ideal agent for local infiltration 
anesthesia because it is safe, fast acting and of long duration. It is used routinely in daily 
practice for countless minor surgical procedures such as closure of lacerations, 
removal of cysts, moles, warts; treatment of abscesses; and in reduction of fractures. 


- 1S to use 


xXxYLOCAINE' 


It has also become the choice of many physicians for therapeutic interruption 
of nerve function by temporary nerve blocks in herpes zoster, subdeltoid 
bursitis, fibrositis, myalgia of shoulder muscles, periarthritis due to trauma, and 
painful postoperative scars. The relief of pain in these conditions at times 
appears to be the most important part of treatment. 


The remarkable topical anesthetic properties of Xylocaine HC! Solution 
further enhance its usefulness for minor operations. Topical anesthesia 
can be obtained by spraying, by applying packs, by swabbing, or by 
instilling the solution into a cavity or on a surface. 


Xylocaine HC! Solutions are available in 2 cc. ampuls, 20 cc. and 
50 cc. vials in strengths of 0.5%, 1% and 2%, with or without epinephrine. 


Bibliography of approximately 300 Xylocaine references upon request. 


*Southworth, J. L., and Dabbs, C. H.: Xylocaine: a superior agent for conduction 
anesthesia, Anesth. & Analg. 32:159 (May-June) 1953. 


Astra Pharmacevtical Products, Inc., Worcester 6, Mass. 
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by absorption 
in four days or less 


Within four days of a Dionosil bronchogram the radio- 
paque has been absorbed into the blood stream and excreted 
in the urine. Disappearance is spontaneous without resort to 
hacking expectoration and postural drainage. The study is 
diagnostically trustworthy; bronchii are outlined rather than 
blocked out. Alveolar flooding is avoided. With benefits so 
evident, Dionosil stands preeminent today among broncho- 


graphic media. 


DIONOSIL 


Available in two forms: DIONOSIL, on oqueous suspension 
(iodine content about 30%) and DIONOSIL OILY, o suspension 
in-arachis oil (iodine content 34%) of propyliodone* 


*n-propy! ester ot 3:5 diiodo-4-pyridone-N-acetic acid 


The Gienturce catheter introducer “feeds” 
the catheter into the trachee single-handed. 
A bottery-operoted seed lomp illumines the 
field which is clearly visible in the mirror on 
the tongve orm. Ask for reprint ‘Biloterel 
Bronchogrephy ‘New Medium and Technic’, 
Cesore Gienturce ond G. A. Miller. 


25 South Broadway, White Plains, N.Y 
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can you spot 
the bronchodilator, 


Doctor? 


® Norisoprine in the AEROHALOR is so compact that 
it fits in the palm of the hand. 

This permits your bronchial asthma patients to self- 
administer NorRIsopRINE whenever, or wherever, an 
attack threatens. But, without attracting attention to 
themselves. 

More important, Norisoprine brings quick relief— 
almost as rapidly as with intravenous or intramuscular 
therapy; often where other commonly-used bronchodi- - 
lators fail. 

And because the dosage can be accurately adjusted to 
each individual's need, serious side effects rarely occur. 

Have you thought about keeping a supply of Noriso- 
DRINE Sulfate in the AEROHALOR in your office? That 
way, you can quickly demonstrate its proper use, 


adjust dosage to tolerance, and get the 
patient started without added delay. Obbott 


NORISODRINE 


(ISOPROTERENOL SULFATE, ABBOTT) 


in the AEROHALOR® 


(ABBOTT'S POWDER INHALER) 
FITS POCKET 


OR PURSE 
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Meat... 


and the Hot-Weather Diet 


Contrary to opinion in former years, meat is fully as well 
suited to the diet in the heat of summer as in the cold of winter.' Except 
for a possibly lessened need for calories and a greater need for water and 


salt (to compensate for losses in perspiration), the requirements for essential 


nutrients—protein, vitamins, and minerals—to all intents and purposes 


remain the same during the hot months as during the cold. 


The metabolism of protein supplied by the mixed diet develops less 


heat requiring dissipation by the body than when the same amount of 


protein is fed alone.*" 


A protein-high diet exerts littl if any effect upon work efficiency 


during hot weather. Meat eaten by workers acclimatized to a hot, humid 


environment produces no discernible untoward effects.‘ 


Meat, providing large amounts of protein similar to human protein 
in kinds and proportions of contained amino acids,® constitutes a year- 
round food of high nutritional value. It is also a good source of B vitamins 
and essential minerals—iron, phosphorus, potassium, and magnesium. 


It is equally nutritious whether eaten hot or cold. 


mi 1. Shils, M. E.: Food and Nutrition Relating to Work and Environmental Stress, 
- in Wohl, M. G., and Goodhart, R. S.: Modern Nutrition in Health and Dis- 
q ease, Philadelphia, Lea & Febiger, 1955, pp. 947-976. 


2. Forbes, E. B., and Swift, R. W.: Associative Dynamic Effects of Protein, 
Carbohydrate and Fat, J. Nutrition 27:453 (June) 1944. 


3. Forbes, E. B.; Swift, R. W.; Marcy, R. W., and Davenport, M. T.: Protein 
Intake and Heat Production, J. Nutrition 28:189 (Sept.) 1944. 


4. Johnson, R. E.: Nutritional Standards for Men in Tropical Climates, Gas- 


troenterology 7:832 (Sept.) 1943. 


. Berg, C. P.: Utilization of Proteins, J. Agr. & Food Chem. 3:575 (July) 1955. 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 


consistent with current authoritative medical opinion. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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“Because of the better and more consistent 
absorption of penicillin V from the in- 
testinal tract, it would appear that this 
type of penicillin is preferable to peni- 
cillin G when oral administration is to be 


used, 


1. Martin, W. J., et al.: J.A.M.A. 160:925 
(March 17) 1956. 


PEN: VEE-Oral and PEN+-VEE Suspen- 
sion permit new dependability in oral- 
penicillin therapy — dependable stability 
in gastric acid, dependable and optimal 
absorption in the duodenum. “Not be- 
ing destroyed by acid in the stomach, 
as is penicillin G, penicillin V remains 
available in larger amounts for ab- 


sorption.” 


| PENICILLIN | 
@ FORBETTER 
~~ AND MORE CONSISTENT ABSORPTION 
-PEN-VEE-Oral is Penicillin V, Crystalliné (Phenoxymethy! Penicillin) 


x 


~a drug of choice, par- 
ticularly when daily therapy is required.' 


~with oral isoniazid — 
77 per cent clinical and/or roentgeno- 
graphic improvement.' 


~ gives more rapid con- 
trol of the infection, and surgical pro- 
cedures are reduced in magnitude.’ 


— maintains the 
incidence and severity of recurrences at 
an insignificant level.” 


—as initial therapy — 
combines the two most highly effective 
agents without the danger of neurotoxic 
damage.’ 


These opinions were presented at the 


THIRD ANNUAL SYMPOSIUM ON ANTIBIOTICS 
Washington, 0. C., November 2, 3 and 4, 1955 


by 1. Shubin, and Helken, C. A. 
2. Morton, &. F.; LaCailie, R. A, Gold, A., and Prigot, A. 
3. Payne, M.; McKnight, V., and Harden, K. A. 


Nydranne 


Supplied in single-dose vials containing 
1.4 Gm. Streptohydrazid (1 Gm. streptomye 
combined with 236 mg. of isoniazid). 


For flexibility and convenience in the treat- 
ment of tuberculosis, the following Pfizer 
antibiotic and chemotherapentic agents are 
also .vailable — 
— Rubber-capped vials 
of 1 Gm. and 5 Gm. 


—Vials of 1 Gm. (2.5 cc); 
5 Gm. (12.5 cc). Also available in the NEW Stera- 
ject® cartridge (1 Gm.). 


— Rubber- 
capped vials of 1 Gm. and 5 Gm. 
— Vials of 1 Gm. 
(2.5 cc.) and 5 Gm. (12.5 cc.). Also in the NEW 
Steraject cartridge (1 Gm.). 
® (brand of isoniazid) —50 mg. scored tablets 
in bottles of 100 and 1000. 
5 Gm. of viomycin base. 


© (brand of streptoduocin) — Dry powder in 
viels containing | Gm. nd On. 


PFIZER LABORATORIES 


q 
Zea 
a 
Division, Chas. Pfizer & Co., Inc. 
Brooklyn 6, 
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New aminosalicylate 


well tolerated 
by 95% 
of TB patients 


Silty 
< 


(POTASSIUM AMINOBALICYLATER, LILLY) 


Five out of six patients intolerant to other forms of 
PAS can take ‘Paskate’ without discomfort.* In ad- 
dition, ‘Paskate’ is the most soluble compound of 
PAS and produces average blood levels which are 
35 percent higher than those of sodium PAS. Also, 
‘Paskate’ has been shown to be safe, even in patients 
with mild renal insufficiency. 

Dosage is usually 12 Gm. daily in divided doses. 
Supplied as 0.5-Gm. pulvules in bottles of 250 and 
1,000. 

Would you like to have more information? Write for 
booklet A-2457. 

* Chernish, 8. M., and Peck, F. B., Jr.) Antibiotic Med , 1.377, 1066. 


) ad ANNIVERSARY 1876 1956 / ELI LILLY AND COMPANY 
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Why Over 3,500 TB ° Now Available in Spanish 


Clasificacién y 
Diagnéstico Standard 


POWERS (DIAGNOSTIC STANDARDS) 


X-RAY First published by the National Tuberculosi» 
Association in 1950 and now in regular use by more 
. than 100.000 physicians, this accepted authorit 
on terminology, standard tests and classification 
SERVICE in tuberculosis has now been translated into 
eo Spanish by Professor H. Orrego Puelma of the Uni 
versity of Chile Faculty of Medicine, assisted by 
Dovtors Raul F. Vaeeareza, Ignacio Baldo and 
Armando Alonso, and is available to interested 
physicians in the form of a 64-page publication. 
To cover handling costs, a price of SO cents 
American funds or the equivalent) has been 
esta’ lished. Your order is cordially invited and 
will have immediate attention 


Please address orders to 


DR. H. ORREGO PUELMA 


* POWERS SERVICE 1S COMPLETE! Hospital del Salvador, 
Powers relieves project sponsors of all s 
technical problems. Our experienced 58 Vicuna Mackenna, Santiago, Chile 
technicians work to the sponsor's 
schedule, with units able to take as 
many as 200 chest x-rays an hour. We 
deliver fully processed x-rays, with a 
viewer, to sponsor's roentgenologist. 


* LOWER IN COST! The large volume A FIRM IS KNOWN 


of x-rays Powers handles nationally 


enables us to cut overhead costs to a the Com it keeps ! 
minimum for each individual project. by 


© EFFICIENT! Our 20 years of experi- for nearly 
ence in chest x-ray surveys from Maine 
to Texas have taught us to do the job 
— and effectively under many 


verse conditions. 


? 
2 


FLEXIBLE! According to the ues 1955 


sor'’s requirements, Powers offers 
either the full-size roll a method 


or the 70 mm photofluorographic entu 
method — and operates either portable half ac ry 


units or mobile units with generators. By Be =< 
Our technical ad service EsesyS 
is available without obligation. PuEe 


Write before you plan a TB a 

Case-Finding Project! has been one of the major suppliers of 
National Tuberculosis Christmas Seals. 


POWERS X-RAY PRODUCTS, INC. 
EUREKA SPECIALTY PRINTING CO. 


522 ELECTRIC STREET, SCRANTON 9, PA. 
GLEN COVE, LONG ISLAND. 


| 
“3 
| 
Reo 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


Today an invasion of tubercu- 
losis, which would have proved 
fatal just a short while ago, can 
be controlled effectively. Work- 
ing hand-in-hand with the med- 
ical profession, the Research 
Division of CMC supplies effec- 
tive ammunition for this fight. 


in expert hands TEEBACIN 


brand of sodium para-amino- 
salicylate affords therapeutic 
blood levels for 6 hours or more, 
and is highly effective in com- 
bination therapy. CMC’s new 
1-gram packing simplifies daily 
dosage. 


Other clinically proven anti-tuberculous 
products: Dihydrostreptomycin Sulfate + 
Forticon (9 Vitamins, 9 Minerals. 
3 Amino Acids) «+ Germicin (Brand of 
Benzalkonium Chlorides, 
Isopacin and Ilsopacin-S (NaPAS 
INH) + Paskalium (KPAS) + Strepto- 
conin (Streptomycin & INH) + Teebacin 
Acid (PAS) + Teebacin Acid Buffered 
(Buffered PAS) + Teebaconin (INH) 
Teebazone (TB!) 


Quality + Research + Economy 


Samples and literature 
at your request 


RESEARCH DIVISION 


CONSOLIDATED MIDLAND CORPORATION 


1S PARKWAY. KATONAH, NEW YORK 
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Resu | ts “very g ratif) ing, 


making antituberculosis treatment much simpler.’’ 


The tranquilizing effect of ‘Thorazine’, by controlling 
apprehension, tension and restlessness, greatly aids in the 
management of tuberculous patients. 

Overactive patients become amenable to ward routine and bed-rest 
plan. It has been reported that almost all emaciated patients 

gain weight. 

Although there is no evidence that ‘Thorazine’ has any effect 

on the infection, many patients have shown objective improvement 


after subjective complications have been controlled with ‘Thorazine’. 


THORAZINE’ 


‘Thorazine’ is available in ampuls, tablets and syrup (as the hydrochloride), 


and in Suppositories (as the base} 


Smith, Kline & French Laboratories, Philadelphia 


1. Pleasure, H.: in Chlorpromazine and Mental Health, Philadelphia, 
Lea & Febiwer, 1955 
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SPECIFICALLY INDICATED 


@ for short-term protection of selected 
surgica! patients to prevent or mini- 
mize the spread of infection or other 
complications 


@ for seriously ill hospitalized patients 
with tuberculosis unresponsive to 
other chemotherapeutic agents 


A new and potent tuberculostatic agent 


Pyrazinamide will produce good immediate, even 
if only briefly enduring, results, such as: 


1. reduction of fever, cough and quantity of spu- 
tum with concomitant gains in appetite, weight 
and well-being. 


2.x-ray evidence of partial clearing of far- 
advanced chronic fibrotic lesions in a small 
percentage of patients and also ina larger per- 
centage of patients with acute infiltrative disease. 


3. remarkable improvement or healing in patients 
with extra-pulmonary lesions such as draining 
sinuses, mucosal lesions and lymphadenopathy. 


4. conversion of sputum in 10% of cases. 


PYRAZINAMIDE is available through hospital 


pharmacies. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO IN PHILADELPHIA | PA 
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Wz 


is the word 


for Noludar 


Mild, yet positive in 


action, Noludar 'Roche' 


is especially suited eyes 


for the tense patient ¥ 


who needs to relax and 


remain clear—headed— 


or for the insomniac 


who wants a refreshing 


night's sleep without 


hangover. Not a 


barbiturate, not habit- 
forming. Tablets, 
50 and 200 mg; elixir, 


50 mg per teasp. 


Noludar® brand of methyprylon 
(3, 3-diethy1-5-sethyl- 
2,.4-piperidinedione) 


Original Research in 
Medicine and Chesistry 
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THE PROBLEM OF RESECTION SURGERY FOR PULMONARY 
TUBERCULOSIS IN THE NONINFECTIOUS PATIENT WITH 
PERSISTING CAVITARY DISEASE 


JOHN W. BELI 


Received for publication November 7, 1955 


INTRODUCTION 


The resection of cavitary or noncavitary tuberculous lesions im patients re 
ceiving effective chemotherapy has been associated with a remarkably low surgi 
cal morbidity. In contrast, postoperative complications have occurred in nearly 
one quarter of the patients treated by pulmonary resection in whont the tuber 
culous infection was not controlled by antimicrobial therapy (1). 

This report is a detailed study of 8 patients who underwent partial pulmonary 
resection for cavitary tuberculosis at a time when tubercle bacilli had been 
absent from the sputum for three months or longer. 

The rather prompt occurrence of tuberculous reactivation in patients antics 
pated to be safe candidates for excisional surgery led to a careful examination 
of the surgical problem in the group of patients with cavitary tuberculosis in an 
apparently noninfectious state 

In a recent review of 212 previously untreated patients who had tubercle 
bacilli in the sputum and roentgenographice evidence of cavity when chemo 
therapy was started, Raleigh (2) found that 80 per cent had achieved nonin 
fectious status after eight months or more of the chemotherapy. In this group 
84 (39.6 per cent) were found to have roentgenographic evidence of a persistent 
cavity at the six- to eight-month observation point although their sputum cul 
tures had been negative for tubercle bacilli for the preceding three months or 
longer. These patients have been designated as the “noninfectious cavitary” 
group (3) 

Early in our experience with this group, the surgical attitude was conservative 
because of the unknown incidence of relapse without surgery. The initial im 
pression of a high risk of relapse in this particular group became more certain 
as the number of patients with residual annular shadows but no tubercle bacilli 
in the sputum continued to accumulate. For example, among 35 patients who 
were in the noninfectious cavitary status as they were completing their planned 


treatment, and who were not suitable candidates for surgery, 18 (51 per cent 


' From the Veterans Administration Hospital, Sunmount, New York 
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had roentgenographic or bacteriologic evidence ot tuberculous relapse. Of these 


IS relapses, 8 oecurred while the patients were still on their original chemo 


therapy The remaining 10 relapses appeared after the chemotherapy had been 


discontinued or altered 

This observation was the reason for recommending surgical resection of the 
lesion in every patient when the presence of a cavity could not be excluded, even 
though tubercle bacilli had been absent from the sputum for several consecutive 
months. Moreover, in the similarly noninfectious patients with closed lesions 
(4). the absence of postsurgical tuberculous complications encouraged the em 
ployment of a similar variety of surgical procedures in this group with pet 
sistent cavities 

Confidence that a patient could avoid surgical morbidity because he met the 
prerequisiies of certain roentgenographir and bacteriologic criteria was les 
sened by the fatal complication which ensued in the patient of the following 
report 


(‘ase bee port 


46-vear old Negro male, had tubere ulosis diagnosed by roentgenogr iphie and 
bactenologic examinations in Ma 1050. He was treated with streptomycin PAS for one 
ear. after which he left the hospit il against medical advice Intermittent signs and symp 
toms, such as weight los- hemoptysis dyspnea chest pain ind cough persisted during 
the next two vears. He was hospitalized at Sunmount in July, 1953. Re treatment chemo 
therapy was begun with streptomyem gm. daily, and isoniazid, 400 meg dail 

Tubercle bacilli had disappeared from the patient's sputum six months after admission 
to the hospital. Evidence of cavitary disease persisted by roentgenogram however, so 
that. after four consecutive months of negative sputum cultures, a left thoracotomy wa 
performed. The apico posterior segmi nts of the left upper lobe and a wedge from the linguls 
were resected, The patient had an average convalescence from the operation but tubercle 
bacilli reappeared in the sputum, During the first three postoperative months, the patient 
failed to gain weight and had a moderately productive cough. The area of density in the 
operative site of the left upper lobe cleared slowly. One night three months following re 
cection. he had a sudden pulmonary hemorrhage und died 

At post mortem examination,? the area in which resection had been performed Wits 
found to be a pseudo eavity filled with clotted blood and lined with tuberculous granula 
tion tissue. It was bounded by parene hyma on two sides and the parietal chest w all om the 
third. At the apex of the defeet the stumps of the apu il posterior segment al bronehi were 
found to contain unhe sled tuberculosis. erosion of the tuberculous process into an adjacent 


pulmonary Veln Wie identified as the cause of the fatal hemorrhage 


Although this patient was considered to be in the “noninfectious cavitary’ 
status at the time of resection, a sputum culture obtained in the month of opera 
tion vielded tubercle bacilli in the postoperative period. The patient's stram 
was moderately resistant to streptomycin and completely resistant to isoniazid 
In addition, the culture from the resected tissue was positive fot tubercle bach, 
with the same pattern of drug resistance This case illustrates the following 

Tubercle bacilli, fully susceptible to isoniazid, just prior to ‘sputum “convert 


sion.” after four months of negative sputum cultures, revealed complete drug resist 


Specimen examined by Dr. M. Medlar 
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rABLE 1 
REACTIVATION OF TUBERCULOSIS IN NONINFROTIOUS CaviTARY PATIENTS 


Susceptibility of Tubercle Bacilli 


SM 1 gm_/da SM-M.R.* SMLR 
PAS 12 gm. /da PASS PAS 
INH 300 INH INTER 


SM 0.5 gm. da 

PAS 12 gm. da PAS MLR PAS MR 

INH 300) me./day INH S INH S 
between re 


sistanes 


SM 1 gm./da SMOMER S\MIEMR 

PAS 12 gm./day PAS JER PAS RK PAS KR 

INH 150) mg./da INH S INH S 
vided between re 


sistance 


SM 1 

PAS 12 gm. da 

INH ome (day 
vided between re 


sistanes 


SM 1 gm. /da SMS SM 
PAS 12 gm. /da PAS MRK PAS KR 


streptomyernn 

INH isoniazid 

susceptible 

Vik moderately resistant (50 to 200 colonies in 15 treptomyvein perml, 105 PAS 
per ml., and | isoniazid per mil 
resistant (200 colonies to confluent growth in 100 treptomvern and PAS 


perml.. and 55 isoniazid per ml 


ance. This was true for the bacilli discharged in the sputum at the time of resection 
ind in the resected tissue itself (table 1) 

In the presence of slight microbial resistance to PAS (colonial growth) and in 
creasing resistance to streptomycin, the addition of a third drug, monimzid, wa 
in effect, giving this drug alone. The subsequent development of resistance to ron 
azid might have been anti ipated 

\t the time of resection, the patient was actually discharging tubercle baecilh 


from an open cavity and was receiving no effective drug therap This was shown 


by the results of culture of the reseeted tissue and was, probably the significant 


factor in the postoperative complication 


lal 
Sputum 
Number Last 
Positive Time tum Primary Resected Postoperative 
Treated 
month 
cl 
AS 
= 
\l SMR SMR SMR 
PASS PAS S PAS S 
INH 
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In the entire series of 147 patients with persistent cavities but no tubercle bacilli 


in the sputum, there have been no major tuberculous complications in patients whose 


strains of tubercle bacilli remained susceptible to the chemotherapy administered 


MATERIAL 


Further review of this group of 147 patients disclosed 4 additional cases of postsurgical 


tuberculous reactivation table 1 Rach patient had a residual annular shadow and 


putum cultures negative for tube rele bacilli for three months prior to resection. Again 


each patient had a similar surgical procedure, namely, a segmental or bisegmental excision 


Roentgenographic evidence of exudative disease at or near the resection site, plus the ap 


srance of tubercle bacilli in the sputum, within two or three postoperative months was 


mute testimony of a chemotherapeutic and surgieal failure 


Although secondary resection was not possible in the patient who died lobectomy in 2 


patients and resection of the superior division of the left upper lobe in the third were per 


formed ax secondary procedures, with subsequent arrest of the disease. The disease in the 


fifth patient was arrested by re-treatment with a new drug combination, Ultimate arrest 


of the tuberculosis was obtained, therefore, by a combination of surgery and chemotherapy 


in 4 of the 5 patients who had primary postresection reactivation 


In an effort to find «a common demonimator for these compli sitions in what had hereto 


fore been considered a uniformly safe group, a review was made of the complete series of 


patients with persistent cavities without tubercle bacilli in the sputum. Data were ivail 


ible on 147 patients who had undergone surgi il treatment from January, 1953, to January 


1055, after the had attained the “noninfectious cavitary” status. Particular attention 


ind postoperative baeteriologie findings. The presence of resistant 


Was given to the pre 
or susceptible bacilli was noted in the last “positive’’ sputum or resected specimen 


RESULTS 


‘ It may be seen (table 2) that all combinations of drug susceptibility and re 
sistance existed in the strains of tubercle bacilli recovered from the “preconver 
sion” sputum and from the resected specimen. For example, a total of 11 patients, 

including both initially treated and re-treatment groups, had various degrees 
‘ of resistance demonstrated in organisms recovered from resected tissues. Never 
: theless. there had been no evidence of drug resistance in any of their sputum 


TABLE 2 


Resectep Cavirary Patients 


Comparison Preeconversion Sputa with Resected Specimen 


Ke treatment 


~putum Culture 


Susceptible Susceptible 10 Susceptible Susceptible 3 


Resistant 5 Resistant 
Negative Is Negative 17 


Resistant Susceptible l Resistant Susceptible ; 

Resistant 2 Resistant ll 

Negative "9 Negative 19 


Resistance defined as more than 50 colonies growth in third tube (concentration: strep 


ml: PAS 10 ml; isoniazid-—1 mil 


tomvemn 
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TABLE 3 


CHANGE IN Resistance DurING aviTaRy P 


Total cases 
Number with ysitiy pecimen cultures 
( OMParison stusceptibilit 

Last positive sputum with pecimen 


Data incomple te for comparison 


Streptomycin Streptomycin Streptomycin Streptomycin 
PAS 2) 6PAS 2 PAS 7 PAS 


Isoniazid 10 Isoniazid Isoniazid 


In those patients however, with tubercle bacilli resistant to one or more drugs 
in the sputum (before “conversion”), the operative specimen, when positive 
by culture or guinea pig inoculation, almost invariably disclosed drug-resistant 
tubercle bacilli 

Further study of this material revealed that tubercle bacilli: were bem re 
covered by culture or guinea pig inoculation from 40 per cent of the SPecHnens 
(table 3). Of these 40 per cent, representing 57 patients, the data were sufficiently 
complete in only 39 to allow comparison of the preoperative suse eptibility pattern 
with that found in the resected tissue. In these 39, further analysis was under 
taken to determine if microbial resistance progressed in rive while the patient 
Was apparently in the noninfectious state 

Net change in resistance of the bacilli to streptomyem was found in IL (32 
per cent), in resistance to PAS in 9 (23.5 per cent), and to isoniazid in 2 (16 per 
cent) of the patient strains. The pattern of drug resistance was always toward 
greater degrees of resistance than was seen in any of the preoperative sputum 
cultures 

It is worthy of emphasis that the development of resistant tubercle bacilli 


during the period of the noninfectious state appeared in the minority of the 


group with persistent cavities (11 per cent). In the majority, when the resected 


specimen yielded tubercle bacilli, there was no essential change from the pre 
operative susceptibility pattern of the bacilli found in the sputum 

Because there is no apparent way for the surgeon to know at operation whether 
a patient will subsequently have bacilli recovered from the resected material. 
the preoperative susceptibility patterns of the “noninfectious-cavitary group 
were studied with this question in mind. It was found (table 4) that. of 147 
patients, 45 (30 per cent) had tubercle bacilli with partial or complete resistances 
to one or more drugs in the preoperative sputum culture. Thirteen patients had 
drug-resistant tubercle bacilli in both the preoperative sputum and the resected 
lesion 

Furnished with this information, it might well be suspected that a patient 
with some degree of drug resistance in the last sputum culture obtainable would 


have a 30 per cent chance to show viable bacilli in the rese« ted specimen of lung 
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TABLE 4 


NoNINFECTIOUS CAVITARY 


PATIENTS 


lieve lopment of Drug Resistance before Reversal of Infectiousness 


Number with Resistant Baciil 
Number Showing Kesistance to . 
n Pre-conversion Sputum 


Ome or More Drug 
and Specimen® 


17.5 


; (41% 1! 


Oniginal treatment 
Re treatment 


Total 


* Closed or open lewrone 


DISC tT 


A surgeon may be unaware that he is resecting tissue which harbors drug- 
Nevertheless, it is beheved that local excision (including 
should be avoided in any 


resistant tubercle bacilli 


segmental resection unless the lesion is very discrete 
patient whose chemotherapy might be of doubtful effectiveness because of the 


nd probability of drug resistance. Success of secondary lobectomy in those patient» 
‘ who had tuberculous reactivation at or near the site of previous resection sug- 


gests this might have been the initial procedure 

From a study of this “noninfectious-cavitary 
evolved which has definite chemotherapeutic and surgical implications. A patient 
who stops discharging tubercle bacilli in the sputum during the sixth to eighth 
month of initial chemotherapy may exhibit a persistent open lesion by serial 


’ group, a clinical pattern has 


planigrams. If the patient is considered a surgical! candiate, he may then have 


any variety of resection performed without fear of tuberculous complications. 
A similar patient, whose strain of tubercle bacilli shows slight to moderate re 


sistance to one or two of the major drugs prior to the reversal of infectiousness, 
should be carefully evaluated by the clinician in the event that surgery becomes 
The decision to be made is whether a third drug should be added or, 


Necessary 
possibly, a change made to two new drugs. Particularly suspect is the patient 
who is receiving a course of re-treatment with antituberculous drugs. The de- 


velopment of microbial resistance is well known to proceed at a greater rate in 


the patient with repeated courses of chemotherapy 

With this type of case, the writer’s practice is to bring it to clinical review at 
an earlier date than that of the patient who is receiving an initial course of chemo- 
The intention is, if surgery is recommended, to operate while the pa- 
If the degree of drug control is 


therapy 
tient still harbors drug-susceptible organisms 
suggestively uncertain because of possible bacillary resistance to one or more 
drugs in the last obtainable culture, the assumption is that this patient’s open 


cavity may contain drug-resistant organisms. In this situation, the resection 


procedure is tailored accordingly 

It is not intended to imply that the bacteriologic data herein reported are 
unique to one institution. Other hospitals have reported similar cases in which 
the last obtainable sputum culture yielded drug-susceptible tubercle bacilli, vet 


subsequent resection vielded drug-resistant bacilli in the lesion (5) 
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The writer is not aware that any previous attempt has been made to correlate 
the incidence of post-resection tuberculous reactivations with the presence ot 
drug-resistant bacilli in resected tissues. An effort has been made to find a clue in 
the preconversion drug-susceptibility pattern which would enable a prediction 
whether a lesion harbored resistant bacilli at the time of resection 

Such prediction is evidently difficult. The factors which influence the emergence 
of drug-resistant bacilli are multiple. Among these factors are the nature and 
distribution of disease, the particular combination of antituberculous drugs being 
used, the duration of drug therapy, and whether or not the patient is being 
treated for the first time or has received extensive chemotherapy previously 

In the present report the purpose has been to draw attention to the lack of 
bactenologic uniformity in the so-called “noninfectious cavitary” patient, de 
spite the similarity of the clinical pattern of the members of this group 

Although in less than half of the patients with drug-resistant bacilli in resected 
specimens, such resistance was apparent in the “preconversion”’ sputum, this 
group at least may be regarded by the surgeon as potentially unsafe for local 
pulmonary excision. In the entire noninfectious-cavitary group, all of the im 
mediate postoperative reactivations occurred in patients with drug-resistant 
bacilli in the tissues. In retrospect, the strains from these patients had shown 
equivalent or less resistance in the last culture obtainable before reaching the 


noninfectious-cavitary”’ state (figure | 
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SUMMARY 


The achievement of sputum “conversion” by initial or re-treatment course 
of chemotherapy does not necessarily guarantee sufficient drug control of tu 
hereulosis of the lung for the purposes of pulmonary resection (0). 

Various degrees of drug resistance to one or more drugs developed before 
reversal of infectiousness in 17.5 per cent of the patients who were receiving 
chemotherapy for the first time. Drug resistance was twice as frequent (41 per 
cent) in the re-treatment group. Those patients with partially resistant tubercle 
bacilli before reversal of intectrousness will show equivalent or greater resistance 
in the bacilli recovered from resected tissues 

In one third of the patients who showed some degree of bacillary resistance in 
the last obtainable culture of the sputum, tubercle bacilli were cultured from 
the resected specimen 

The “noninfectious-cavitary” group is not uniorm trom the surgical stand 
point. Among the one third of the group whose strains of tubercle bacilli showed 
some drug resistance before reversal of infectiousness, there is a dangerous 10 
per cent who actually have open cavities with drug-resistant tubercle bacilli 
when operated upon. In this 10 per cent with uncertain drug control, limited ex 
cisions (such as segmental or wedge resections), in the experience of the writers, 
have resulted in prompt tuberculous reactivation in the operative site 

While a variety of resections have been safely carried out in 90 per cent of the 
“noninfectious-cavitary” group, in this dangerous ot unpredictable 10 per cent 
primary lobectomy should be performed This pohey of tailoring the surgery to 
fit the anticipated bacteriologic findings in the lesions has proved most satis 
factory 


SUMARIO 


Bl Problema de la Cirugia Reseccional por Tuberculosia en el Enfermo Negativo thierto 


La obtencién de viraje del esputo con la quimioterapia primaria © repetida no garantiza 
forzosamente dominio eheaz con lus drog is pars los fines de la cirugia en In reseecion pul 
monar (6 


Aparecieron varios grados de f4rmacorresistencia a una o mas drogas antes de virar la 


infeeciosidad en 17.5 por ciento de los sujetos que recibieron tratamiento primarto pero 


eato fué dos veces mas trecuente i] por clento) en el grupo re-trat ado. Los enfermos que 


tienen bacilos tubere ulosos parcialmente resistentes antes de invertirse la infeeciosidad 


revelaran resistencia equiy alente o mayor en los bacilos obtenidos de los tejidos resecados 
«i éstos resultan positivos al cultivo 

En la tercera parte de los enfermos que mostraron alguna resistencia bacilar en el esputo 
antes de virar la infeeciosidad, se obtuvo un ejemplar “positive ” 


El grupo “negative” abierto no resulta uniforme desde el punto de vista quirdrgico 


Entre la tercera parte del grupo cuyos microbios del esputo muestran farmacorresistencia 


sntes de invertirse la infeeciosidad, habraé un 10 por ciento peligroso que se encuentra re il 


abierta al ser operado En este 10 por ciento con 


mente en la fase resiafente “negativ 
incierto dominio quimioterapeutico lax excisiones limitadas, tales como las resecciones 


segmentales o cuneiformes han dado por resultado segin han observado los AA. mismos 
rdpida reactivacion tubere ulosa en el oper 
h un llev ule if abo mocu smente Varies ¢ lases de 


sbierto, en el 10 por crento peligroso o problematico se ejecuta la 


Aunque = resecciones en por mento 


del grupo “‘negat ive’ 
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lobectomia primaria. Esta préeticea de amoldar la cirugia a erbologia esperada en lo 


tejidos ha dado la mavor satisfaccidn 


MI 


sane ba 


Le succes de la négativation du erachat par le traitement chimiothérapique initial ou par 


lu repetition du traitement ne constit uc pas hecessairement une garantie de son efhieacite 
a controler laffection quand il s’agit d’effectuer la résection pulmonaire (6 

Divers degrés de résistance A l'un ou A l'autre des agents ther ipeutiques se sont mani 
festés avant la disparition de la phase contagieuse chez 17.5% dex malacde vant tha la 
eure initiale, mais dans le groupe avant été soumis A une nouvelle cure. la résistance ét sit 
deux fois plus fréquente (41%). Chez les malades qui hébergaient des bacilles résistant 
ivant de devenir abacilliféres, on a observé une résistance équivalente, voire méme plu 
élevée, chez les bacilles olés A partir des tissus réeseques dont la culture tuit positive 

Dans un tiers des cas, of un certain degré de résistance bacillaire existait dans les cul 
tures de crachats avant leur négativation, un specimen “positif’’ fut obtenu 

Le Kroupe des malade ibaciliféres avee lésions ouvertes n'est puis Unborn du point cle 

1 chirurgical. Parmi le tiers des malades de e« groupe, ceux dont les germes isolés dans 
les crachats présentent une résistance au médicament avant que la négativation des erachat 
soit obtenue, il vy aura ces 10° dangereux qui sont au stade résistant négatil et porteurs ce 
ouvertes au moment de ration. Chez ces 10°), oft la stabilisation de l'affeetion 


douteuse, des résections limitées, telles que les réseetions segmentaires ou Uablation 
ont, selon Vexpérience des auteurs, entrainé la réactivation rapide de la tuber 
culose au siége de intervention chirurgicale 
Bien que des résections diverses aient été menées A bien chez Wi) des malades du groupe 
a lésions ouvertes sans bacilles décelables, chez les 10% qui représentent le groupe dangereur 
des risques opérat oire la lobeetomie primaire est effeetuée. Cette politique de la chirurgis 
faite sur mesure idaptable A la baetériologie des tissus s’est montrée de plus sath 


falsantes 
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EVALUATION OF 3,5-DIIODO-4-PYRIDONE N-ACETIC ACID 
(DIONOSIL") AS A BRONCHOGRAPHIC AGENT 
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INTRODUCTION 


The unquestioned value of information often obtained by bronchography has 
been hampered by the disadvantages of the bronchographic agent since iodized 
oil was first introduced by Sicard and Forestier in 1922 (1). Evaluation of several! 
aqueous contrast media with an appreciation of their limitations has been ade- 
quately deseribed (2-4). Within the past three years experience with aqueous 
and oily preparations of the n-propyl! ester of 3 ,5-diiodo-4-pyridone N-acetic 
acid (Dionosil®™) has been gained by many investigators (7-13 

It was the purpose of the present study to evaluate whether or not Dionosi! 
might be substituted advantageously for the iodized oil previously used with no 
other change in technique employed 

As the study progressed, it was apparent that this agent could be used in pa- 
tients with pulmonary tuberculosis, and information so obtained would be useful 
in the manner emphasized by others (14-18). Thus, the routine use of Dionosi! 


in both tuberculous and nontuberculous chest disease has been studied 


MATERIALS 


METHODS AND 


Thirty-one adult male patients were included in this study. In no case was bronchograph 


performed within three weeks of an episode of pneumonia, temperature elevation, hemopty - 
sis, or induction of pneumoperitoneum. Twelve patients were referred for bronchography 
from the tuberculosis service to evaluate the nature of the residuals of pulmonary tubere: 


losis or the surgical results of pneumonectomy or thoracoplasty. All patients with tubereu 


losis had what was considered to be stable disease. Nineteen nontuberculous patients were 


bronchographed because of unidentified pulmonary pathology; of these, 13 were suspected 


of having bronchiectasis 
Oily and watery suspensions of a bronchographic medium? whose radio-opacity ts due to 


n-propyl ester of 3,5-diiodo 4-pyridone N-acetic acid (Dionosil) were used. The aqueous 


preparation of this agent is a 50 per cent suspension contaiming 30 per cent iodine with 
sodium carboxy methyl! cellulose as a viscosifying agent, sodium citrate as a buffer, sodium 
chloride to render the mixture isotonic, and benzyl alcohol as a bacteriostatic agent. The 


oily preparation is a 60 per cent suspension in pure Arachis oil containing 34 per cent rodine 
and having no cellulose base 

One side of the tracheobronchial tree was explored twenty-five times using the watery 
ach 


preparation, and one side was explored twenty-six times using the oily preparation 
10 


patient received barbiturate atropine ind codeine preoperatively ind 5 to lO ml. of 
per cent cocaine to obtain top il anesthesia of the nasotracheobronchial tree. Sensitivits 
tests for the agents were not performed The medium was instilled via a soft nasotrachea! 
tube and gravity filling of the necessary segments without use of special catheters was ob 
' From the Department of Medicine, Baylor University College of Medicine, and Vet 
erans Administration Hospital, Houston, Texas 

* Supplied in part through the courtesy of the Picker \-ray Corporation 
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tained by appropriate positioning of the patient. In each position, 2to dm. of the medium 


were introduced through the nasotracheal tube. The patients were fluoroscoped to determine 
sdequacy of filling and to obtain spot films. Recumbent and upright films were taken as wel 
«= 24-hour follow-up films. Following the removal of the nasotracheal tube. many of the 
patients were encouraged to cough vigorously, and immediately thereafter postero anterior 
hims= were obtained to evaluate any undesirable effects of cough 

For two hours following bronchogr iphy the patients were instructed to remain in the 
prone position, to take nothing by mouth, and to cough and expectorate frequently and 


vigorously. Prophylactic antimicrobial drugs were not used in any of the cases 
RESULTS 


Fifty-one unilateral bronchograms were obtained from the thirty-one patients 
Eleven of the twenty-five sides explored (44 per cent) with aqueous Dionosil 
were considered unsatisiactory due to inadequate filling Four of the sides 
(15 per cent) explored with oily Dionosil were considered inadequate. No sig 
nificant difference between right and left lung was noted in the adequacy of 
filling. Of the thirty-six sides considered to have been adequately filled, fifteen 
showed roentgenographie evidence of pulmonary abnormalities 

Films taken in the upright position showed the medium to be applied as a thin 
even coating over the mucosal surfaces extending down to the smaller bronchi 
(figure 2B). Recumbent films showed more opaque homogeneous density than 
did films taken with the patient in an upright position (figure 24 and ¢ 

Instructing the patient to cough vigorously and examining the roentgenogrames 
taken after foreed cough revealed that marked coughing did not obscure detail 
(figures 2B and 4B), 

Alveolar filling was noted in two instances, and in both cases the oily medium 
had been used. Despite this finding, all segments could be visualized with little 
loss of detail. 

Any desired type of roentgenogram can be obtained after the medium has been 
instilled. The quality of the spot films was equivalent to the quality of the cor- 
responding larger films (figure 1B). Lateral films may be made with the patient 
recumbent (figure 2C) or upright (figure 4B). Anteroposterior (figure 3B) or 
lateral (figure 3C) laminagrams may be obtained with no necessity to hurry 
One segment or one lobe may be explored by use of proper positioning of the 
patient (figure 3.4) 

Twenty-four-hour follow-up films showed 90 to 100 per cent clearing of the 
medium in all sides explored with aqueous Dionosil. Fifteen of the twenty-six 
sides studied using oily Dionosil showed a similar degree of clearing, and the 
remaining eleven sides showed 70 to 90 per cent of clearing in the same period 
When significant retention occurred, the medium tended to remain in the areas 
of greatest bronchial change (figures 1C, 2D, and 40 

The procedure was well tolerated by all patients and in no instance was it 


necessary to interrupt the procedure or to give additional or increased amounts 


of preoperative or anesthetic drugs No complications or toxicity were observed 


DISCUSSION 


For the purpose of evaluation of Dionosil as a bronchographic agent, typical 


cases were selected using standard methods and equipment. The adaptability of 
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thix new medium was noted from the onset of the study. The preparations are 
tasteless and well tolerated by the patients The viscosity of the medium at room 
temperature enabled its use without special preparation. The suspension tended 
to settle out with long standing, and shaking was necessary to restore homoge 
neitv. The medium was easily drawn into syringes, and sti king of the syringes 
or delay in mstillation was not encountered, Clearing from the tracheobronchial 
tree was not so rapid as to necessitate acceleration of the bronchographie pro- 
cedure, and complete mapping of the pulmonary segments was thus possible 
The opacity ol the medium allowed easy detection of accidental spillage on 
equipment of patient 

No compheations were encountered during bronchography An occasional 
cough could be easily controlled through patient cooperation, and in no instance 
were films unobtainable because of cough. The danger of using preparations of 
high viscosity, with their obstructive effect. has been pointed out by Norris and 
Stauffer (4), but none of the patients in the present series showed such an effect, 
although pre-existing ine reased resistance to air flow was present in many of the 
cases. The eyele of irritability leading to increased anesthesia mentioned in the 
early reports which, in turn, leads to increased danger was never encountered 

Oily Dionosil gave more satistactory filling than did aqueous Dionosil. The 
finding of 15 per cent unsatistactory filling with the oily Dionosil compares ta 
vorably with the 16 per cent unsatistactory filling with iodized oil, and the 33 
per cent unsatistactory filling with the water-soluble agents as reported by Peck 
and associates (5). Whether or not deep breathing would lead to more satisfactory 
filling was not eritically evaluated, although the value of such manipulation has 
heen reviewed by Priviteri (19 

It was observed that much of the medium was cleared from the tracheobron 
chial tree by cough and expectoration. A smaller but significant amount was 
swallowed, but symptomati gastrointestinal disturbances were not observed 
The remaining material is thought to be hydrolyzed with the resulting alcohol 
metabolized and the remainder exereted in the urine as 3,5 diiodo-pyridone-N 
acetate, without the liberation of iodide or iodine (20), Skin rash, coryza, tem 
perature elevations, pulmonary complications, of spread of the tuberculous 
process were not observed in the postbronchographie period. Thus, Dionosil 
appears to be a sate bronchographic medium when used on patients with non 
tuberculous lesions or with controlled, stable, pulmonary tuberculous lesions 
(17) 

Gudbjerg (21), in his desenption of oily and watery Dionosil, states, ‘Intro 
duction of these media does not make a big step forward Both cause greater 
local irritation than iodized oil and their contrast effect is distinctly inferior ¥ 
The present writers have not found the material to be as irntating as iodized onl 
and have produced equivalent roentgenograms while avoiding the potential 
dangers of the combined ‘ocdized oil and sulfadiazine which Gudbjerg advocates 

Increasing pathologic es idence demonstrates that bronchographic agents may 
he a potential source of danger and formes the basis for advocating segmental 
bronchography (22). Felton (23) has shown that 26 per cent of those patients 
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with residual iodized oil gave histologic evidence of focal, peripheral foreign body 
granulomas surrounding the oil droplets. Contrasting studies with Dionosil by 
Cummins and Silver (11) demonstrated oil in the alveoli and alveolar walls in 
five pathologie specimens, but no granulomas were observed 

Holden and Crone (10 report that specimens obtained from six pheunmonecto 
mies five to twenty days after oily Dionosil had been used showed no free oil, and 
there was no evidence of local reaction except simple phagocytosis. Norris and 
Stauffer (12) studied five patients following aqueous Dionosil and noted only a 
peribronchial cellular response consisting chiefly ol lymphoeyte plasmas cells, 
and macrophages 

Phus, there has been no evidence yet presented ol damage to the lungs by 
vily Dienosil, Because it contains no cellulose-like material, it is free of the po 
tential dangers of a high molecular weight carbohydrate component, Neverthe 
less, it seems very iiportant to recover the material as qyuile kly as Is prac tieable 
following bronchography, so that the medium is in contact with the bronehi for 
as short a time as possible to minimize possible complications 

Bronchography may be disappointing in outlining cavities, as pointed out by 
Holden and Crone (10), but other essential and confirmatory information may 
be obtained with only a small percentage of misleading information, as studies 
by Shaw and associates (14) have shown Bronchographic information may allow 
more precise anatomic localization of lesions; may decrease the number of failures 
following collapse procedures, as noted by Marchese and co workers (17 miay 
permit better evaluation of bronchieetatic changes which have been shown to be 
present in more than one-half of the patients with tuberculosis (16); may give 
an indication whether bronchiectatic changes are of tuberculous or nontubercu 
lous origin (18); and may provide information regarding the nature of the residual 
stump following resectional surgery. Complete preoperative mapping may be a 
valuable adjunct to lung palpation during surgery to determine the extent. of 
diseased lung and to differentiate normal from abnormal lung. With Dionosil. 
resectional surgery need not be delayed because of slow clearing following 


bronchography 


SUMMAKY 


rhe routine use of Dionosil® in both tuberculous and nontuberculous chest 
diseases was studied. Thirty-one cases were selected and standard broncho 
graphic methods and equipment were used 

No complications attributable to bronchography were encountered 

The oily preparation gave more satisfactory filling than did the aqueous sus 


pension, and the ratio of satisfactory films was equal to that obtained by 


using iodized oil 

Clearing of the medium occurred in most cases within twenty-four hours 
Cough seemed to aid in clearing without giving alveolar filling 

Oily Dionosil is a safe, well-tolerated bronchographic medium when used in 
patients with nontuberculous lesions or with controlled, stable, pulmonary 


tuberculous lesions 
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SUMARIO 


Juatip eciacion del onoail” como Aqente Broncoqrat 
use sixtemAtico del Dionosil en las afeeciones= terfécicas, tanto tuberculosas como ho 
i” fud el objeto de este estudio Selece ionados 41 casos, Usaron en ello« meétod 
instrumental broneogrificos aceptados 


No se observaron complicaciones imput ables a la broncogratia 


eosa obtuvo henchimiento mas satisfactorio que 
a la obtenida con el uso de aceite 


La prep ol la sUspension a¢ 


siendo la proporcion de peliculas satisfactorias igual 
vod ado 

La desaparicin del medio tuvo lugar en la ma 
pejo sin provoear hen himiento alveolar 
bien tolerado cuando se emplea en 


estabiliza 


voria de los casos en término de veintieua 


La tos parecié ayudar en el des 
woes un medio broncografico 


exrones no tuber ulosas 0 les1ones tuberc ulosas pulmon 


tro horas 
Dionosil ole 
enfermos que tienen 


das v bajo gobierno 
KESt ME 


Evaluation du Dionosil" comme agent de brane hoqrapht 


"usage routinier de Dionosil dans les affections thoraciques tuberculeuses ou non 


tuberculeuses a vé Gtudié. Trente et un cas ont été sélectionnés et un équipement et des 
méthodes bronchographiques standard ont été 


complication imputable a la bronchographie 


utilisés 


n'a observé aucune 
Les préparations huileuses ont proc uré un remplissage plus satistaisant que la suspensior 
aqueuse et la proportion de clichés satixfaisants était égale A celle obtenue avec lhutle 
iodée 

La disparition du milieu opaque s'est produite dans 
évacuation sans entrafner le remplissage 


la plupart des cas dans les vingt 
quatre heures La toux paraissait favoriser 


alvéolaire 


Le Dionosil huileux est un milieu bien toléré en bronchographie quand il est utilisé chez 


des malades sans lésion tuberculeuse ou dont les léstons pulmonaires sont cont rélées et 


stabilisées 
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Fic. 2. Bronchograms to investigate density in the right lower lung using 12 ml. of o 
Dionosil 

1. Film, obtained with the patient in the recumbent position, shows filling of 

Film demonstrates « oating of the bronchial tree with the patient in the iprigt 


tion. This film was taken following voluntary cough and does not «how ilveolar ing 


Right lateral film demonstrates occlusion of baxal egments of right lower lolw 


Film shows amount of clearir g one hour after bronchogs 
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INTRODUCTION 


In the more than thirty years since Sicard and Forestier (1) introduced the 
use of jodized oil in bronchography, the technique has become more or less 
standardized and generally satisfactory. The chief drawback has been the oe 
casional persistence of the medium in the alveoli. The current thinking regarding 
the avoidance of this complication may be considered under two headings: the 
addition of substances to the iodized oil to render it thicker and, hence, less likely 
to enter alveoli; and the use of new rapidly eliminated opaque media 

The leading exponents of the “thickened” iodized oil school are the South 
Africans. Salinger and Houghton (2) present a series of more than 7,000 broncho 
grams and report the use of Lipiodol® in which sulfanilamide has been suspended 
They are convinced of the advantages of the thickened suspension over all other 
known opaque media 

The use of rapidly eliminated opaque materials has been most enthusiastically 
embraced on the continent of Europe and in Great Britain. The common chemical 
factor of the various preparations is iodopyracet (the diethanolamine salt of 
3, 5-diiodo-4-pyridone N-acetic acid), known in this country as Diodrast." The 
two main types of preparation in which the iodopyracet type of substances can 
be administered are water soluble and oily. Both types of preparation are ob 
‘ tainable in the United States under the trade mark Dionosil® (Glaxo). The active 
mes) agent of the United States preparations is the n-propyl ester of the iodine-con 
ea taining organic acid, rather than the diethanolamine salt as in Diodrast. Dionosil 
aqueous is a 50 per cent suspension in a buffered vehicle containing sodium 
carboxymethyl! cellulose, Dionosil Oily” is a 60 per cent suspension of the ester 
in peanut oil; the iodine content of the final product is 34 per cent, as compared 
; with 40 per cent for iodized oil, After administration, the ester is slowly hy 
drolyzed and is then absorbed from the lungs and exereted through the kidneys, 
being completely eliminated in a short period. There is no breakdown of free 


iodine 


THICKENED LODIZED OLL 


The use of thickened iodized oil was introduced by Dormer and associates (3 
in 1945, but did not seem practical to the present writers until the bk. Fougera 
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Company imtroduced the ready-made product Visciodol.” This preparation con 
tains 0.32 gm. of sulfanilamide per mi. of Lipiodol, and is ready to use after 
careful stirring. Although the material has been used by the present writers in 
too small a senes of bronchograms to permit valid conclusions, the experience 
so far has been rather unsatisfactory. On the basis of experience, it has been 
observed that the temptation to warm the highly viscid mixture must be re 
sisted lest alveolar filling and retention oceur, as warned by Gudbjerg (4). Another 
disadvantage that has been noted is that actually during the procedure the 
plunger of the syringe may permanently freeze to the barrel. This phenomenon 
is associated with the very slow rate at which the material must be injected 

The films made with the aid of Visciodol are of good quality, but alveolar 
filling is not altogether prevented. As Bariety and associates (5) have observed, 
one may also encounter the false appearance of amputation if the films are taken 
too soon. They also mention the difficulty of progress in certain bronchi, e.g., 
those with lacerated walls or of small caliber 

These considerations led Boet (6) to conclude that every diagnostic problem 
requires a Lipiodol preparation of a different composition. But, for the sake of 
simplicity, he limits himself to three concentrations, zero, 15 per cent, and 25 
per cent sulfadiazine. 

Calix (7), on the other hand, states that he routinely gets excellent films using 
Visciodol. In spite of the fact that he warms the mixture, he has not encountered 
alveolar filling or retention, and therefore considers the medium much better 
than the unthickened iodized oil. Calix believes that the use of this preparation 


requires deep topical anesthesia to the point of abolition of the cough reflex, He 


uses 5 per cent Cyclaine” for anesthesia 

Rayl (8) has had good experience with Visciodol and prefers it to all other 
media. He does not abolish cough; rather he sometimes utilizes the cough mecha 
nism to bring about a more peripheral bronchial distribution. Of interest is his 
observation that objectionable retention is not absolutely prevented by the use 
of the sulfanilamide-Lipiodol agent. Ray! estimates that possibly 15 per cent 
of patients will show this complication. He believes, as does Gudbjerg that, if 
the opaque medium is retained in the alveoli for a month or so, it persists as long 
as does the regular Lipiodoi. Ray! believes that Viseiodol in his hands yields better 
bronchograms than does Dionosil Oily or unthickened iodized oil 

Of some interest, possibly, is the observation by the patients that Visciodol 


has an unpleasant taste 
DIONOBIL OLLY 


The use of Dionosal Oily by the present writers has proved more practical 
than the use of Visciodol. In a series of more than 100 bronchograms, the films 
have been of acceptable quality, the material has been easy to handle and ad- 
minister, is acceptable to the patient, and has produced no ill effects. The lungs 
are clear of opaque material in a day or two, Dionosil Oily shows less tendency 
toward alveolar filling than does iodized oil, regular or thickened. This char 
acteristic would seem to be due to its tendency to adhere to surfaces rather then 
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to its viscosity, which is actually low. The fact that Dionosil Oily seems to stick 
to bronchial and bronchiolar walls also renders it less likely to be cleared by 
untimely cough. This trait makes it particularly acceptable to the bronchog 
rapher, needless to say 

It should be pointed out that, by the same token, Dionosil Oily takes longer to 
reach the periphery of the bronchial tree and adheres in unexpectedly large 
quantities to the nose if introduced transnasally, to the throat if put m supra 
ylottieally, and to the trachea and or bronchi by any technique. In other words, 
more medium is used than is the case with iodized oil. Moreover, at present the 
cost of Dionosil Oily is considerably. higher than that of Lodochlorol*, so that 
the cost of the medium in practice is probably twice that of iodized oil 

Dionosil Oily is especially suitable for bronchography in children under gen 
eral anesthesia in view of the higher tendency toward alveolar filling under such 


DIONOSIL AQUEOUS 


The interest of the present writers in using water-soluble contrast media wis 
somewhat dulled by the report of three deaths (9) (In a series of more than 1,900 
bronchograms in the writers’ practice, using lodochlorol, there have been no 
deaths.) The report by Shefts (10) of three cases of pneumonitis following the 
use of aqueous Dionosil was also disturbing. (Dr. Shefts has subsequently changed 
to Dionosil Oily.) Furthermore, meticulous fluoroscopic control of the advancing 
opaque medium has always been ady ocated by the present writers, This maneuver 
ix not always possible when the very rapidly eliminated aqueous product is used 


It ix the belief of the present writers that there is a trend away from the use 
of the rapidly eliminated preparation to the use of the oily one, Cummins states 
that in the Thoracie Surgical Unit at Papworth, England, the use of Dionosi! 
Oily has been routine since the publication of the paper by Cummins and Silver 
(11) in August, 1953, and that he has observed no granulomatous formation 
Forgan-Morle and Robertson (12) report a series of DOO bronchograms with 
Dionosil Oily by the erieo-thyroid method. They have abandoned the use of the 
aqueous preparation and of iodized oil preparations In another recent British 
report, Mackay-Dick likewise advocates Dionosil Oily. He also uses the erco 
thyroid route. Conway Don (14), after a series of 60 bronchograms with aqueous 
Dionosil. concludes that it is not practical. Wishoff and Felson (15) believe that 
the oily product will become the material of choice in bronchography. Norris and 
Stauffer (16) alse recommend Dionosil Oily, but observe that one should allow 
twice ax much time as in the case of iodized oil, MeSwan and Allan (17) enjoyed 
consistently good results with Dionosil Oily as did Holden and Crone (18) 
MeLaren (19) states that the use of Dionosil Oily is now routine at Duke Um 
versity. after an unsatisfactory experience with aqueous Dionosil 

Flipse (20), on the other hand, believes that Dionosil Oily is no better than the 


aqueous, Which has proved highly satisfactory in his hands in a large series over 


é 
. 
i 
y 
4 
4 
ood 
me 


BRONCHOGKAPHY WITH NEW CONTRAST MEDIA 1G] 


a number of years, both prior to the publication of his paper in February, 1953 
21), and subsequently 

In so far as thickened jodized oil is concerned, the advantage over the un 
thickened iodized oil would appear to be quantitative rather than absolute, as 
observed by Rayl. That is to say, one must anticipate a small but significant 
incidence of objectionable retention. Whether this quantitative advantage 
renders it preferable as compared to regular iodized oil is a matter for each worker 
to decide. Certainly, in cases in which risk of retention must not be taken 


Dionosil rather than Viseiodol should be used 


ANESTHESIA 


The interest of the present writers in modifying their bronchographie routine 
Was not primarily aroused by the problems of alveolar retention, which has not 
proved troublesome. Rather, the greater concern has been with the occasional 
incidence of reactions which, although never fatal or serious, have certainly been 
a cause of distress. The question whether the anesthetic agent or the iodized oil 
or both, was responsible was not always clear although true iodism has not deti 
nitely occurred (being, fortunately, apparently very rare) (22, 23). The writers 
believe that freshly made 10 per cent cocaine has been an ideal agent from: the 
standpoint of safety and good anesthesia. In approximately ten thousand bron 
choscopies done by the present writers when cocaine was used, there has not 
heen a single fatality, although there have been occasional reactions. In office 
bronchography, however, the difficulty of having to make up cocaine solution 
fresh each time and to keep narcotic records makes the temptation to use a pre 
pared stable solution, such as tetracaine hydrochloride (Pontoeaine"), a vers 
real one. For this reason tetracaine hydrochloride has been used as an anesthetic 
agent in an appreciable number of bronchographies, although the toxicity and 
danger have been recognized. Six deaths from this drug have recently been re 
ported by other workers in this area, two of these deaths reportedly having been 
in connection with bronchography. Consequently, extreme care has been used in 
connection with the dosage. The work of Carabelli (24) has greatly clarified 
the procedure in this regard. Since adopting his “subposologice’’ quantities of 
anesthetic, particularly since using Dionosil Oily, there have literally been no 
significant reactions. Carabelli advises the use of no more than S mi. of 0.25 of 
tetracaine hydrochloride (20 mg.). With the expenditure of sufficient time, it 
has usually been possible to obtain satisfactory although slow-acting anesthesia 
with 8 mi. or less in bilateral mapping. Nevertheless, the introduction of faster 
acting and safer anesthetic agents is helpful 

\t the present time the writers are using 5 per cent hexyleaine hydrochloride 
which apparently carries a much higher safety factor and offers the advantage 
of a stable readily available solution not subject to narcotic regulation. It may 
supplant the use of tetracaine hydrochloride if the safety factors are borne out 
by long expenence 

General anesthesia in bronchography also remains a problem, apparently 
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demanding a high degree of art on the part of the anesthesiologist. In our opinion 
the ideal anesthetic agent has not been found. 


TECHNIQUE 


The writers have always believed that there is no single method for obtaining 
bronchograms. Many excellent methods have been described over the years 
and many poor bronchograms have sometimes resulted. It is believed that 
bronchography is an art and not a science, i.e., a man should find a method that 
suits him and stick to it 

Dionosil Oily and Visciodol may be administered by any technique preferred 
by the operator, Their stickiness tends to enhance the value of a tracheal catheter 
or large-bore transcrico-thyroid needle as compared to the circumstances ob 
taining with iodized oil. It is important to keep the technique of outpatient 
office bronchography as simple as possible. For this reason the present writers for 
twelve years have used the transnasal route for both topical anesthetic and 
contrast medium, as advocated by Carr (25) in this country and by Forestier 
and Leroux abroad. After introduction of a small amount of anesthetic agent 
through a medicine dropper in the nose, with the patient breathing deeply and 
regularly, the opaque medium is injected through a short soft rubber tube into 
the nostril and is allowed to run down the pharynx, spilling over into the trachea. 
If the patient is well positioned to the side to be filled and somewhat tilted back 
ward, it is possible very satisfactorily to fill the lower portion of the bronchial 
tree on this side. About two minutes in the knee-chest position with the shoulder 
of the side to be filled against the floor suffices to fill the upper lobe. The filling 
is then checked with fluoroscopy, and a six-foot erect lateral film taken. Im 
mediately following this pestero-anterior stereo films are obtained. 

If the patient is not emphysematous and experiences no difficulty from the 
procedure, the other side is filled in the same manner without repeating the 
anesthetic agent. Instead of a lateral film an oblique one is taken, as well as 
another set of postero-anterior stereos, 

It has been the experience that satisfactory filling of all five lobes can be 
achieved in a rather high percentage of cases. It is imperative that each segment 
of each lobe should be filled, as it is obviously as important to know what seg 
ments are normal as to know which are abnormal. Occasionally additional oil 
will be necessary to delineate a given segment. 

Immediately following the completion of the roentgenograms, the patient is 
given postural drainage and then told for the first time to cough. The patient 
again takes postural drainage when he returns home, later in the afternoon, and 
again before going to bed, Usually this suffices to remove the oil. It seems that 
the transnasal route requires less anesthetic agent than the tracheal catheter 
method, and produces less cough during the procedure. 

In hospital practice Cummins prefers the use of the tracheal catheter, as does 
the bronchography department at the East Tennessee Tuberculosis Hospital 
The writers have had no experience with the crico-thyroid needle method. It 
might be mentioned that, regardless of technique or medium, a prior bronchos 
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copy followed by a week or so of postural drainage facilitates bronchial hygien: 

and permits study of bronchial abnormalities affecting segmental filling 
Using the transnasal method with postural drainage following the bron 

chography as outlined, alveolar retention of lodochlorol has been so rare as to 


not constitute a real problem 


SUMMARY 


The armamentarium of the bronchographer has been increased by the addi 
tion of new contrast media to the basic iodized oil preparation. He can now select 
the medium best suited to the diagnostic problem, the local situation, and his 
own experience 

lodized oil thickened with sulfanilamide is proving a valuable agent in ex 
perienced hands, It markedly reduces but does not altogether eliminate the 
complication of objectionable alveolar retention. 

The present writers are not aware of an aqueous contrast medium that meets 
the requirements regarding safety, anesthesiologic simplicity, and fluoroscopic 
control 

The use of Dionosil Oily® eliminates the chief defects of iodized oil prepara 
tions, 1.e., occasional alveolar filling and retention. Its use has been found to be 
safe and satisfactory by any technique. Indications for the use of rapidly elimi 
nated media include cases in children, preoperative cases, pulmonary tuber 
culosis, cases to be diagnosed roentgenographically, medico-legal cases, em 
physema, and iodine sensitivity cases. Disadvantages of Dionosil Oily include 
its greater cost and slower flow 

lodized oil, particularly Lodochlorol®, remains a very good agent. With good 
transnasal technique and subsequent postural drainage, alveolar filling and re 
tention are uncommon. Lodized oil, unthickened, is also useful for mapping 
segments which are difficult to fill. 

Anesthesia remains a problem in bronchography. Cocaine is satisfactory but 
inconvenient, Tetracaine hydrochloride is toxie in ordinary concentrations but 
is safer in concentrations of 0.25 or 0.50 per cent, although correspondingly 
slower acting and of shorter duration. The use of a tracheal tube requires deeper 
anesthesia than the transnasal route. Hexyleaine hydrochloride is currently under 
clinical investigation and shows considerable promise. Careful selection of cases 
use of “subposological” quantities of topical anesthetic agent, and the use of 
barbiturates and antihistaminics reduce but do not eliminate the hazard of re 


action to anesthetic agent or opaque medium 


SUMARIO 
La kB oncograftia con Nuevos Medios dé Contraat« 


ll arsenal del bronedégrafo se ha enriquecido con la adicién de nuevos medios de con 
traste a la preparacion bAsica de aceite yvodado pudiendo ahora escoger el medio ma 
ajustado al problema diagndstico, a la situacién loeal y a su propia experiencia 

El aceite yodado ¢ spesado con sulfanilamida va resultando ser un mente valioso er 
manos avezadas. Aunque reduce notablemente, no elimina del todo la complicacién de una 


retenci6én alveolar contr iproducente 
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Low AA. no trenen conor imiento de mngun medio acuoso de contraste que ¢ 


requisitos relativor a uidad. sencillez anestesiolédgica y gobierno roent genose 
bl empleo del Dionosi! Oleoxo” elimina los prin ipales defectos de las preparaciones de 
weite yodado, o sean, henchimiento y reteneron oF wionales en los alvéolos, Su uso ha 
re sult ulo sntisftactorio con ¢ ualquier técnica i- wiones para mople o de 
rdpida eliminacion comprenden casos en preoperatorios tuberculo 


casos médico Loretses enhsema 


medios de 
pulmonar casos para di mgnostico roentgenografico 
onsibilidad al yodo. Las desventa)as del Dionosil oleoso” comprenden el mayor costo 
pase mas lento 


bl odadeo buene 


en particular el Yodoclorol”, continda siendo un agente muy 
drenaje postural subsiguiente, el henchimiento In 


Con una buena téenica tranen seal 
ex Gtil para delineat 


retencion alveolares son raros hl aceite vodadeo sin es pesar 


<egmentos que es dificil Henar 
La anestesia continua sit nde un problema en la broneograltia La cocaina es satistactoria 


pero ine onvenrente clorhidrato de tetracaina es toxico a las concentraciones ordinarias 
1 concentraciones de 023 6050 por clento, aung 
il empleo de una sonda traque il requiere 

clorhidrato de hexileaina se halla actu ilmente bajo 


La cuidadosa seleecion de casos, el uso de 


pero ue corrrespondte ntemente che 
vecién mas lenta y mas breve inestesia mas 


profunda que la via tr instiasal 
investigacion clinica y ofrece mucha promesa 


de un anestésico lor al vy el uso de barbitdricos untihista 


cantidades suubpomol 


pero no eliminan el riesgo de reaccrones il anestésico al dio opace 


RESUME 


Bronchog aphu avec un noureau milieu de contraste 


L.’arsenal de la bronchographie s'est enrichi d'un nouveau milieu de contraste qui ~'apoute 


a spécialiste peut mamtenan! choisir le 


milieu le mieux adapté au probléme diagnostique 


la préparation d'huile todée fondamentale. Le 
sux conditions locales et a sa propre 


expérience 
L’huile iodée épaissie par le sulfanilamide 
sans toutefois |’éliminer completement le danger que 


ext un agent précieux entre des mains 


périmentées. Elle réduit nettement 


représente la rétention slvéolaire 
auteurs n'ont pas conn iissanece d'un milieu opaque rayons X itis 
simpli ité snesthésiologique et valeur 


fasse aux exigences du point de vue sécurité d’emplor 


radioscopiqgue 


L’emploi du Dionosil huileux” élimine les inconvéments principaux des préparations 


huileuses, c'est A dire, ove wionnellement, le remplissage alvéolaire et la rétention. Quelle 
son emploi s'est montré satifaisant et sans danger Les indications 


que soit la tee hnique 
comportent Vutilisation chez Venfant, les cas 


des substances rapidement absorbées pre 
opératoires, tuberculose pulmonaire, les cas réclamant un diagnostic idiographique 
Vemphystme et lallergie a 


et eon écoulement plus lent 


lew cas de médecine légale Lex désavantages du Dionostl 


huileux comprennent son prix plus élevé 
en particulier l’lodochlorol”, demeure un tres bon 
préviennent h ibituelle 


L."huile agent ne bonne 
et le drainage ulténeur par posture adéquate 


technique transhas ile 
L."huile jodée, non €patsste sert également 


ment le remplissage de l'alvéole et la rétention 
délimiter les territoires diffe iles A rempli 

demeure un proble me en bronchog iphie La cocaine est 
toxique aux concentrations ordinalres ; 


<atisfaisante 
Le chlorhydrate de tétracaine est 


ommode 
25 ou mais proportionnel|« ment 


il offre momes dle concentrations de 0 
Lapplie ition du tube trae héal 
Le chlorhydrate d’hexyl une 
te 


eon action est plus longue a se manifester et moins durable 


réclame une anesthésie plus accentuée que la voie transnasale 
eat en cours d’investigation en clinique et ses perspectives sont tres satisfaimantes 
des cus Vemplot de quantités subposologiques”’ 


d’antihistaminiques réduisent, sane 


election minutretise des agents d’anes 


thésie locale et l’administration de barbituriques et 
mresthésique ou au milieu opaque 


lex éliminer, les raques de réactions A lagent 
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A PILOT STUDY OF CYCLOSERINE TOXICITY’ 
A United States Public Health Service Cooperative Clinical Investigation 


Received for publication May 10, 1956 


INTRODUCTION 


The usefulness of an antimicrobial agent depends primarily upon its thera 
peutic effectiveness and its toxicity. A toxie drug with little or no therapeutic 
effect will obviously be discarded. Conversely an effective drug with few adverse 
reactions will be assured of acceptance. Many drugs, however, occupying a 
middle range, are both toxic and efficacious 

The compound b-4-amino-3-isoxazolidone, with the generic name of cycloserine 
(1), appeared in the early reports to fall in this middle range in which serious 
toxicity must be weighed against efficacy. Even tbe first report (2) of the thera- 
peutic efficacy of eycloserine in tuberculous patients was not without some sug- 
gestion of neurotoxicity. In other studies, in nontuberculous patients (4), it was 
noted that the toxic effects were confined to the central nervous system. Since 
then, additional observations of toxicity in both man (4) and animals (5) have 
been reported. When the opportunity to evaluate this drug* was presented to the 
clinical investigators participating in the Public Health Service Cooperative 
Studies, it was agreed that the first step should be a small, but carefully con- 
trolled, evaluation of drug toxicity. Investigators in six' of the twenty-five 
cooperating hospitals undertook the pilot study 


MATERIAL AND METHODS 


The patients selected for the study had advanced pulmonary tuberculosis and 
had failed to show satisfactory improvement on other chemotherapeutic regi- 
mens, The dearth of treatment available for these patients is apparent from the 
fact that the investigators were willing to use a drug already reported to have 


serious toxicity. Patients with a history of mental illness, convulsions, or head 


injuries were excluded 


Information on the characteristies of the patient, the history of his disease, and his 
response Lo previous treatment was submitted to the central office before the beginning of 
the study for each patient selected by the participating hospitals. Using this information 
the central office separated the patients from each hospital into three matched groups. By 


1 system of chance allocation, each group was assigned a different dosage schedule to be 


Francis J. Murray at the Fifteenth Veterans Administration Army 
Louis, Missouri, February 8, 1956 


' Presented by Dr 
Navy Chemotherapy Conference, St 


? The cyeloserine for this study was generously supplied by Merck & Co., Inc., as Oxa 


myein 
‘Drs. F. H. Alley, bk. Bowerman, and 8. C. Carter, Tennessee State Tuberculosis Sana 


toriums at Memphi« and Oakville, Tenn.; Dr. P. T. Chapman, Herman Kiefer Hospital, 
Detroit, Mich.; Dr. 8. 8. Cohen, Glen Lake Sanatorium, Oak Terrace, Minn.; Dr. W. J 
Steininger, Wm. H. Maybury Sanatorium, Northville, Mich.; and Dr. 1). W. Zahn, Firland 
Sanatorium, Seattle, Wash 

106 


4 
: 
x, 


CYCLOSERINE TOXICITY 197 


received tor twelve weeks, One-fifth of the patients in each dosage group was then chosen by 
lot to receive a placebo rather than cycloserine 

One fourth gram « ipsules of eyeloserine and placebo, identical in ippearance, were pre 
pared and packaged in identie al bottles by the manufac turer. After each bottle was labeled 
in the central office w ith only a patient’s name ind dosage schedule the labeled bottles were 
mailed to the hospit ils Although the staff at e ich hospital necessarily knew the dosage for 
each patient, only persons in the central office knew which patients or even how many pa 
tients were receiving the placebo. However, each investigator knew that placebos were being 
used and that information on the contents of the indiy idual bottles must be withheld from 
him 

At the beginning of the study an vdditional bottle of placebo « ipsules was sent to each 
hospital. It was agreed that i a patient developed severe signs or symptoms of toxicity 
the investigator would discontinue the assigned drug, without knowing whether it was 
eveloserine or placebo and, unknown to the patient would substitute the « ime dose of 
pl webe ¢ ipsules for a period ot several day = The disappearance of the sy mptoms would be 
interpreted as evidence that the symptoms were due to the original medication The ty j 
ind severity of the rexction would determine whether the assigned drug would be restarted 


reduced in dose, or permanently discontinued 


\ total of 143 patients was admitted to the study. Two placebo patients 
alter an absence from the hospital of three weeks, resumed their assigned medi 
cation. Although they continued to take the placebo for twelve weeks, they 
have been excluded from this analysis. The remaining 141 patients were divided 
among the treatment schedules as shown in table 1. Of these, 26 patients re 
ceived various doses of placebo but have been combined in this report into a 
single group 

In the first four hospitals to enter the study, 1.0 gm. of medication per day 
Was given in two equal doses of 0.5 gm. to 31 patients; 6 received a placebo 
and 25, eyeloserine. An average dose of 0.5 gm. of medication per day was given 
to 94 patients in all six hospitals; 17 received placebo and 77, cycloserine Might 
of these patients were given | 0 gm. of placebo in a single dose every second day 
and 39 received the same dose of cycloserine. Nine received a single dose of 0.5 
gm. of placebo each day and 38 were given an equal amount of cycloserine By the 
time the fifth and sixth hospitals entered the study, 1.0 gm. of cycloserine each 
day already appeared highly toxic Consequently, 16 patients from these two 


TABLE 1 


DISTRIBUTION OF 14] PATIENTS BY Dose Anp FREQUENCY oF ADMINISTRATION 


Number of Patients 


Reg 
Placebo Cycloserine 
Total 26 115 
One gram per day iF 25 
Oo5 gm. twice a day 25 
One-half gram per da 
1.0 gm. every second da 
0.5 gm. once a day 9 3s 


0.25 gm. twice a da I 
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hospitals originally scheduled to receive 1.0 gm. a day were given instead 0.5 gm 
per day in two doses of 0.25 gm. Three received a placebo and 13, cycloserine 
The five groups of patients were similar with respect to age, race, sex, body 
weight, and severity of disease. Approximately 95 per cent had far advanced 
cavitary disease and nearly 90 per cent had had tuberculosis for more than one 
year. All of the patients had been treated with at least two antituberculous drugs, 


nearly SO per cent had received streptomycin, isoniazid, and PAS (in various 
combinations), and almost 30 per cent had been given pyrazinamide in addition 
to these three drugs 

Before and after twelve weeks of treatment, each patient had a neurologic 
examination and «a lumbar puneture. Patients in three hospitals also had elec 
tro encephalograms before and after treatment. As earlier investigations reported 
neurotoxic effects of cycloserine, the patients were examined daily for mental 
and emotional changes as well as for changes in sensation and neuromuscular 
control. If signs or symptoms of toxicity appeared, the examinations made at the 
beginning of the study were repeated. In addition, the clinical and roentgeno 


graphic course of the tuberculous disease was observed 


RESULTS 


Over-all incidence of drug toxicity: During the twelve-week treatment period, 
medication for 18 patients was discontinued or reduced to one-half or less of the 
assigned dose because of signs and symptoms of toxicity. Although the decision 
to change treatment was made without knowledge of what these patients were 
receiving, all 18 were in fact receiving cycloserine. The incidence of toxic reac 
tions in the three dosage groups considered severe enough to require a change 
in regimen is shown in table 2. 

Because of severe toxic reactions in several other patients, the dose for 4 
patients assigned 0.5 gm. of cycloserine twice a day and 3 patients assigned 1.0 
gm. every second day was halved after sixteen days of therapy, even though 
none of these 7 patients themselves had any symptoms of toxicity In the analy 
sis, these patients have been included in their original treatment groups with 
the assumption that, had they continued this dose, no toxicity would have 
developed. The effect of this assumption is possibly to understate the imeidence 
of toxicity in these two regimens 

Kleven (44.0 per cent) of the 25 patients who received a daily dose of 1.0 gm 
of eycloserine had toxic reactions (more than three times the incidence of toxicity 
observed among all patients who received 0.5 gm. of cycloserine a day). Toxic 
reactions developed in only 5 (12.8 per cent) of the 39 patients who received 
1.0 gm. every second day, in 2 (5.3 per cent) of the 38 patients who received 0.5 
gm. once a day, and in none of those who received 0.25 gm. twice a day 

As these 00 patients all received the same average daily dose, it would appear 
that with the same total dose, the smaller the individual dose, the less frequent 
were the toxie reactions. None of the patients taking the placebo had signs ot 
svVmptoms severe enough to require a change in medication 

Type of toxicity: Tn table 2, the 18 cases of toxicity are classified according to 
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TABLE 2 


Toxic Reactions or Partents Unasie tro Cyc Loserine ReGiMeNns 
( yc loserime 


Gm. Every OS Com 
second Day (ince a Day 


Total 


Convulsion 
Mental disorder 
Motor disorder 
Somnolence 


Dizziness 


we 


Fever, chill» 


type of reaction. Kight patients had convulsions with loss of consciousness 
Following the seizure each patient received the placebo for at least seven days 
and during this period had no further symptoms. When 4 of these patients were 
restarted on one-half the original dose of cycloserine, one had another convulsion, 
one complained of severe dizziness and diplopia, and 2 had mild symptoms of 
dizziness which persisted until the drug was reduced to 0.25 gm. daily. The 
occurrence of convulsions on each regimen suggests that, while a reduction in 
dose results in a decrease in the frequency of reactions, it does not necessarily 
lessen their severity 

Of the other 10 cases of toxicity, 8 patients received the placebo in accordance 


with the protocol and had no symptoms while on placebo, In the other 2 patients, 


symptoms disappeared when ceycloserine was stopped. As each investigator was 


free to decide whether a patient should resume his assigned medication, the 
further management of these patients was handled in different ways. Four of 
the patients received no more cyeloserine, 4 resumed treatment with cycloserine 
at one-half the assigned dose and were then able to tolerate the drug. Symptoms 
recurred in the 2 patients for whom the original dose of eycloserine was rein 
stituted 

The indications for change of medication are at least partly subjective, de 
pending on the type and severity of the toxie reactions and the physician's 
estimate of the risk to the patient. While there can be agreement on an im 
mediate change when a convulsion occurs, it is more difficult to agree on how 
long or in what degree somnolence, for example, may be allowed to persist be 
fore treatment should be changed. Time is the only precisely measurable element 
in this situation, and both the time when medication was changed and the 
time when symptoms first appeared were recorded 

Time of appearance of drug toxicity: In table 3 is shown the number of days 
during which the IS toxic patients were treated before the assigned cycloserine 
regimen was discontinued. This period ranges from two to thirty-four days 
Although the dose of cycloserine seemed to influence the Trequencey of toxu 


reactions, it apparently did not affeet the length of time the drug can be tolerated 
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TABLE 3 


Time Wuen Was Cuancep ror Patients wirn Toxic Reactions ro Creto 
SERINE 


Day sof Treatment 


Total 


0.5 gm. twice a day 1! 3 6 l l 
1.0 gm. every second day 5 2 1 l l 
0.5 gm. onee a day 2 I 


The time medication was stopped ranged from the second to the twenty-third 
day among patients who received 1.0 gm. of cycloserine a day; from the sixth 
to the thirty-fourth day among patients who received 1.0 gm. every second 
day; and from the third to the seventeenth day among those who received 0.5 
gm. once a day. 

Although all 1S patients were removed from the assigned treatment over a 
span of thirty-four days, symptoms had actually appeared in all of these patients 
within the first sixteen days. This suggests that most patients who will have a 
toxie reaction to eycloserine will show some symptoms during the first three 
weeks of treatment. Instances have been reported in other series (4) in which 
convulsions occurred after a very much longer course of apparently uneventful 
administration. 

Neurologic findings: The neurologic examinations before and after treatment 
were made without knowledge of whether a patient was receiving cycloserine or 
the placebo. A summary of the results of these examinations is presented in table 
1. For each sign and symptom, the number of patients is shown for whom an 
initially normal response was abnormal at the end of the twelve-week course of 
treatment; or, if initially abnormal, was subsequently exaggerated. The same 
patient may appear more than once in this table and, indeed, 3 patients had 
eight abnormal responses. 

Abnormal! responses were slightly more frequent among the patients who had 
to stop taking cycloserine, but there was no concentration of abnormalities of a 
particular type. No pattern of abnormalities or greater frequency among the 
cycloserine patients was discernible to the investigators, but the material is 
made a matter of record for comparison with other series 

Cerebrospinal fluid findings: The study plan included at least two cerebro- 
spinal fluid examinations for every patient, one examination before and one 
following the twelve-week course of treatment. This requirement was not met 
for 16 of the 141 patients because of the patients’ refusal to submit to a second 
lumbar puncture or because no fluid could be withdrawn. Each specimen of 
cerebrospinal fluid was analyzed in the hospital laboratory without knowledge 
of the patient's treatment regimen or whether he had had « toxie reaction 
The cerebrospinal fluid protein determinations for 125 patients are presented 
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ON NEUROLOGK 


EXAMINATION APPEARED OR INCREASED Durnine a Course or TREATMENT 


Number of patients studied 


Alert ness 
Cooperativeness 
Insight 
Apprehension 
Phobia 
Illusions 
Delusions 
Depression 
Somnolence 
Onentation 
Memory defect 
Spee ch defect 
Smell 

Cross fields 
Fundoscopic 
Corneal reflex 


Hearing acuity 
Weber 

Rinne 

Gag reflex 

Uvula deviation 
Trapezius, unequal 
Tongue deviation 
Tongue tremor 
Tone— muscle 
Atrophy —muscle 
Tremor muscle 
Finger to nose 
Heel to knee 

Past pointing 

Gait 

Grip strength 
Biceps strength 
Quadri strength 
Ankle strength 
Reflex, biceps 
Reflex, triceps 
Reflex, patella 
Reflex, ankle 
Reflex, abdominal 
Reflex, cremasteric 
Reflex, Babinski 
Reflex, Hoffman 
Reflex, Chvostek 
Sensation 


> 
Placebo Twice 


Non 


toaK 


(am 


a Day 


. 


1.0 Gm 
Second Day 


Cycloserine 


Every OS tom 

Omce a Day 0.25 Gm 
Twice 
a Day 


Toxk* 


* Patients for whom cycloserine was discontinued or reduced in dosage 
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TABLE 5 


125 Parients Berone anv Arren Twetve Weeks or TreatwMent 


Amount or Prorers 


TION OF 


Milligrams of Protein per 100 Mi 


Patients treated with placebo 


Pre study 22 2 
Post study 22 ! 2 7 5 5 2 
Patients with no toxic reaction to 
eveloserine 
Post-study S80 25 IS ! 
Patients with toxie reactions to 
eveloserine 
Pre-study 14 6 5 


Post study 


in table 5. The patients have been divided into three groups: 22 patients who 
received the placebo, 89 who received various doses of cycloserine but had no 
evidence of toxicity, and 14 who had toxic reactions to eycloserine. The amount 
of protein in the cerebrospinal fluid ranged from less than 10 mg. per 100 mi. to 
slightly more than 70 mg. per 100 ml. The distribution of patients within this 
range was the same in all three groups both before and after treatment. There 
was no suggestion that eycloserine altered the amount of protein in the cerebro 
spinal fluid of the patients who took the drug for twelve weeks. This finding is 
in agreement with the report of Epstein and associates (6) 

In addition to the pre-study and post-study cerebrospinal fluid examinations, 
14 of the 18 patients who had toxic reactions had lumbar punctures at the time of 
their reactions and there was no indication that the amount of protein was in 


creased at that time 

Klectro-encephalograms: ‘Three of the hospitals had access to facilities for 
making electro-encephalograms, and tracings were made before and after treat 
ment for each of the 64 study patients in these hospitals. The central office sub 
mitted the series of tracings to a consulting electro-encephalographer, Dr. Curtis 
Marshall of The Johns Hopkins University 

Dr. Marshall first evaluated each tracing independently and in a random order, 
knowing the sex and pentad of age of each patient but without knowledge of the 
patient's regimen or whether the tracing was made before or after treatment 
For the analysis, his interpretation of the post-treatment tracing was compared 
with his interpretation of the pretreatment tracing for the patient 

ach pair of interpretations was classified as showing improvement, no change, 
or worsening. A classification of improvement indicates that the post-treatment 
tracing was interpreted as less abnormal than the pretreatment tracing; no 
change, that the two interpretations were the same; and worsening, that the 


post-treatment tracing was interpreted as more abnormal than the pretreatment 
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TABLE 6 
INTERPRETATIONS oF Arrer Treatment 


oN 64 


Each Tracing Evaluated Comparisor 
Independently Tracing 


Change from Pretreatment 
to Post Treatment 


Improvement 
No hange 
Worsening 


tracing. A summary of this comparison is presented in the first three columns of 
table 6 for 11 patients who received the placebo, 42 who received eyeloserine in 
various doses, and 11 who had a toxie reaction to eyeloserine, 

When compared in this manner, the tracings of patients who received the 
placebo showed worsening after treatment as frequently as those who received 
eyeloserine. Considering the small number of patients in each group, the dis 
tribution of toxic patients is not different from nontoxie patients who received 
eyeloserine, Although various doses of cycloserine have been combined in this 
table, the results on each regimen were examined separately, and there was no 
suggestion that a high dose of cycloserine resulted in more changes in the tracings 
than a low dose 

Dr. Marshall then read the tracings a second time, knowing, in addition to 
the sex and pentad of age for each patient, whether a tracing was made before or 
after treatment, Without reference to the results of his previous reading, he 
compared the pretreatment and post-treatment tracings directly and classified 
the latter as showing improvement, no change, or worsening. The results of this 


comparative reading are presented in the second three columns of table 6. With 


this method of reading, there are again no significant differences among the three 
treatment groups. The second tracing of nearly two-fifths of the patients was 
more abnormal than the first, and most of the others showed no change 

The results of the two methods of evaluation may be compared. When each 
tracing was read independently, the post-treatment tracings for nearly 20 per 
cent of the patients showed some improvement over the pretreatment tracing 
and only 25 per cent showed worsening. However, when the reader directly 
compared the post-treatment tracing with the pretreatment tracing, only 3 pet 
cent had improved and nearly 40 per cent were interpreted as showing worsening 

The comparison may be carried one step further. Tracings from the 11 toxic 
cases were read a third time with the added information of regimen and type of 
toxie reaction. The results of this reading are shown in the third part of the 
table. In only 4 patients was the electro-encephalogram interpreted as showing 
no change and, in 7, the tracings were interpreted as showing an unfavorable 


change 
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Wornening 


PER CENT 


TG 


0.5 qm 1.0 gm 0.5 gm 0.25 gm 
twice a day every second once a day twice a day 


placebo 


hia. 1. Percentage distribution of patients by roentgenographic changes observed after 


twelve weeks on each regimen 


hoentgenographic and bacteriologie findings: Although this study was primarily 
designed to evaluate the toxic effects of cycloserine, roentgenograms were taken 
and specimens of sputum were cultured every four weeks during the course of 
treatment. Patients for whom the prescribed cycloserine regimen was discon- 
tinued, either because they showed toxic reactions or because the investigators 
believed the regimen was demonstrably toxic, have been excluded from the 
summary of roentgenographic and bacteriologic change. 

Roentgenograms for each patient were read serially for change by a single 
reader in the central office, with no knowledge of the hospital, patient, drug, or 
dose being received. The changes observable by roentgenogram at the end of 
twelve weeks of treatment among patients who continued on their assigned 
regimen for the entire period are shown in figure 1. These roentgenographic 
results should be interpreted with caution because the number of patients in 
each group is small and nearly all of these patients had only an extremely 
limited potential for improvement. 

The first bar in figure | shows the roentgenographic changes observed in the 
placebo patients after twelve weeks of observation. Approximately 10 per cent 
had improved and approximately 20 per cent had grown worse, while the re- 
mainder had shown no change. This may be regarded as a “yardstick’’ of sorts 
against which the effect of various cycloserine regimens may be measured. The 
most toxic regimen, 0.5 gm. twice a day, was the most effective therapeutic 
regimen for the few who continued this regimen for the entire twelve weeks 
Three of the 9 patients showed slight improvement of their disease and in none 
did it grow worse. The second most toxic regimen, 1.0 gm. every other day, was 
also the second most therapeutically effective regimen; 6 or approximately 25 
per cent of 25 patients improved and none grew worse, On the two other regi- 
mens, 0.5 gm. daily and 0.25 gm. twice a day, the proportion of patients who 
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improved or whose disease grew worse was essentially the same as in the group 
of patients receiving the placebo. 

With the exception of one case in the placebo group, the degree of roentgeno 
graphic improvement noted was only slight; and the worsening was, in the main, 
only slight. It is unfortunate that the only regimens on which the therapeutic 
results observable by roentgenogram were superior to those obtained with the 
placebo were the toxic regimens. Their value, it appears, was as much in keeping 
these patients from getting worse as in producing improvement 

Bacteriologic material is scanty, being further limited to patients who were 
initially producing tubercle bacilli. However, reversal of infectiousness may be, 
particularly in the type of case studied here, a better measure of a drug’s effec 
tiveness than roentgenographic change. Many of these patients had already ex 
perienced such extensive destruction of lung tissue that the possibilities for 
improvement observable by roentgenogram were extremely limited; on the other 
hand, every patient producing tubercle bacilli in his sputum was a candidate for 
bacteriologic improvement. Therefore, some note should be taken of the fact that 
treatment with cycloserine resulted in reversal of infectiousness twice as often 
as treatment with the placebo: 30 (45 per cent) of 66 eycloserine patients and 4 
(21 per cent) of 19 placebo patients. Although the numbers are obviously small, 
there was no apparent trend for the larger doses to be more effective 


DISCUSSION 


This study has accomplished its primary purpose, to obtain information on the 
frequency and severity of toxic reactions to cycloserine. The hope, although not 
the expectancy in view of earlier reports, had been to find this new antimicrobial 
agent therapeutically effective and essentially nontoxic. Failing this, it would 
have been desirable to find that, by restriction to certain kinds of patients, low 
doses, or short-term therapy, toxicity could be avoided but therapeutic efficacy 
retained 

For example, if toxicity occurred only among patients with certain identifiable 
characteristics, pretreatment screening could select patients who might safely be 
treated with cycloserine. Unfortunately, careful scrutiny of the material has 
failed to disclose any association between the occurrence of toxicity and the 
patients’ age, race, sex, or neurologic responses, 

It would have been encouraging to have found that the occurrence of toxicity 
was confined to a certain dosage level and that lower doses were still in the effec 
tive range. It is true that decreasing the size of the individual dose appeared to 
reduce the incidence of toxic reactions. However, the dose which was nontoxic 
was not demonstrably therapeutically effective, at least by roentgenographic 
criteria. Moreover, decreasing the dose did not reduce the severity of the tox 
reactions; on even the least toxic of the three toxic regimens, one of the 2 patients 
unable to tolerate ceycloserine had a convulsion. 

If residual amounts of cycloserine gradually accumulate in the body and result 
in toxie reactions only when a critical level is reached, the drug might safely be 
used for a short period of time which would be long enough to obtain a thera 
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peutic effect. Unfortunately, this does not appear to be the mechanism of cyclo 
serine toxicity, as toxie reactions occurred during the first week on all three toxic 
regimens 

Inclusion of a placebo in the trial proved useful in several ways. Thus, it was 
possible to evaluate the large subjective element in neurotoxic reactions and to 
protect both the subject and the observer from unconscious bias. Even though 
neither patient nor physician knew if a patient were receiving cycloserine or the 
placebo, no patient on placebo developed toxic reactions severe enough to require 
a change from the assigned regimen. This strengthens the evidence of the reality 
and severity of the eighteen toxie reactions among patients receiving cycloserine 

Another advantage of using the placebo was that it allowed the investigator 
to substitute a placebo when an undesirable reaction occurred. The disappearance 
of symptoms when the patient did not know the placebo had been substituted 
and when the physician did not know whether he had actually discontinued 
ceycloserine or placebo further corroborates the reality of the toxicity 

Without the placebo, erroneous conclusions could have been reached on the 
results of the neurologic and cerebrospinal fluid examinations. Finally, inclusion 
of the placebo regimen made it possible to discern that, although eycloserine did 
not produce dramatic roentgenographic improvement in “treatment failures,’ 
it did apparently prevent deterioration 

The fact should not be overlooked that no toxicity was observed among the 
13 patients to whom cycloserine was given in doses of 0.25 gm. twice a day. While 
this dose was apparently no more effective than the placebo as judged by roent- 
genographic changes, it might be an adequate dose in combination with another 
antimicrobial agent. On the other hand, its safety certainly cannot be assumed 


without further trial on a larger number of patients. 


SUMMARY 


A control study on the toxic effects of eycloserine was conducted in six hospitals 
on 141 tuberculous patients in such a way that neither patients nor physicians 
knew whether a particular patient was receiving drug or a placebo. Most of the 
patients had far advanced and cavitary pulmonary tuberculosis and were in very 
poor condition despite extensive previous chemotherapy 

The cycloserine regimens investigated were 0.5 gm. twice a day, 1.0 gm. in a 
single dose every second day, 0.5 gm. daily in a single dose, and 0.25 gm. twice 
Neurologic and cerebrospinal fluid examinations were made before and 


a day 
In three hospitals, eleetro-encephalo 


after a twelve-week course of treatment 
grams were also made at the beginning and end of the observation period. The 
patients were examined daily for psychie and neurologic changes. Reports on 
clinical, bacteriologic, and roentgenographic status were made monthly 

During the twelve-week course, toxic reactions severe enough to necessitate 


departure from the assigned regimen occurred in 18 patients who received cyclo 
serine and in none of the placebo patients. Eight patients had convulsions; 2, 
mental disorders; 3, motor disorders; one, somnolence; 3, dizziness; and one, 


fever and chills. Toxic reactions occurred on three of the four eycloserine regi 
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mens: in tl of the 25 patients who received 0.5 gm. twice a day, in 5 of the 39 
who received 1.0 gm. every second day, and in 2 of the 38 patients who received 
0.5 gm. once a day 

Although the assigned cycloserine regimen had to be discontinued for 18 pa 
tients during the first thirty-four days of treatment, none of those who passed 
the thirty-fourth day without incident developed toxic reactions during the 
remainder of the twelve-week treatment period. 

No systematic increase in cerebrospinal fluid protein was noted in relation to 
either treatment with cycloserine or toxic reactions to the drug. Electro-enceph 
alograms did not prove useful in identifying before treatment the patients who 
subsequently developed toxic reactions, nor did they reveal residual damage 
after the occurrence of the toxic reactions. The neurologic examinations did not 
reveal any consistent pattern of abnormalities. 

While the roentgenograms of the cycloserine patients did not reveal striking 
improvement during treatment, comparison with the roentgenograms of patients 
who received the placebo indicated that cycloserine apparently prevented further 
deterioration. However, this limited therapeutic effect was observed only on 
regimens which produced toxic reactions. Bacteriologically, evcloserine appeared 
more definitely effective; infectiousness was reversed in 30 (45 per cent) of 66 
eycloserine patients and in only 4 (21 per cent) of 19 placebo patients, 

(veloserine produced serious toxie reactions in 18 of 115 patients. [t possessed 
a measure of therapeutic effectiveness as indicated by absence of roentgeno 
graphic deterioration and by a moderately high bacteriologic conversion rate 
The excellence of other available antimicrobial combinations and the toxicity of 
eyeloserme will probably preclude its use for initial treatment. However, its 
usefulness in small doses, either alone or in combined therapy, for patients who 
have failed to respond adequately to combinations of isoniazid, streptomyein, 
and PAS must be determined by further trials 


SUMARIO 
Er plorador de la Toxicidad de la Cicloserina 


ken seis hospitales se llevé a cabo en M1 tuberculosos un estudio comprobador de lo» 
efectos toxicos de la cicloserina de tal modo que ni los enfermos ni los médicos supieran si 
un sujeto dado recibia la droga oun placebo La mayor parte de los enfermos tenia tubercu 
losis pulmonar muy avanzada y cavitaria vy se hallaban en estado muy malo a pesar de uns 
intensa Quimioterapia anterior 

Los regimenes de cicloserina investigados fueron de 0.5 gm. dos veces diarias, 10 gm. en 
una sola dosis cada dos dias, 0.5 gm. diarios en una sola dosis y 0.25 gm. dos veces diaria 
Antes vy después de una serie de doce semanas de tratamiento se hicieron exdmenes neurold 
gicos vy del liquido eéfalorraquideo, En tres hospitales, se tomarén ademas electro encefalo 
gramas al principio y al fin del periodo de observacién, Los entermos fueron examinados a 
diario en cuanto a alteraciones psiquicas y neurolégiceas. Cada mes se prepararon informes 
relativos al estado eclinieo, bac tenologico roentgenografico 

Durante la serie de doce semanas, hubo reaeciones téxicas de suficiente gravedad para 
imponer desviaciones del régimen establecido en 1S enfermos que recibian cicloserina, sin 
observarse esto en ninguno de los que recibian placebos. Ocho enfermos tuvieron convul 


stones; 2. trastornos mentales; 3, trastornos motores; uno, somnolencia, 5, vértigo une 


calofrios. Huobreaeciones téxieas con tres de los cuatro regimenes de cicloserina 
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en 11 de los 25 que recibian 0.5 gm. dos veces diarias, en 5 de los 39 que recibian 1.0 gm 
cada dos dias y en 2 de los 38 que recibian 0.5 gm. una vez al dia 

Aunque el régimen de cicloserina fijado tuvo que abandonarse en 18 enfermos durante los 
primeros treinta y cuatro dias de tratamiento, ninguno de los que pasaron el trigésimocuarto 
dia sin contratiempo manifest4é reacciones téxicas durante el resto del periodo de doce 


semanas de tratamiento 
No se noté aumento sistematico de la proteina del liquido eéfalorraquideo en relacién 
Los electro 


ya con el tratamiento con cicloserina o con las reacciones téxicas a la droga 


encefalogramas no resultarén dtiles para identificar antes del tratamiento a los enfermos 
que manifestaron después reacciones téxicas, ni tampoco revelaron lesiones residuales 
Los exAmenes neurolégicos no revelaron ningdn 


después de aparecer reacciones tOxicas 


patron constante de anomalias 
Aunque las radiografias de los enfermos tratados con cicloserina no mostraron notable 


mejoria durante el tratamiento, una comparacién con las de los que recibieron el placebo 


indied que la cicloserina impedia aparentemente mayor deterioro. Sin embargo, este limitado 
efecto terapéutico no fué observado més que con los regimenes que producian reacciones 
téxieas. Bacteriolégicamente, la cicloserina parecié ser més netamente eficas; la infeecios: 


dad viré en 30 (45 por ciento) de 66 enfermos puestos a cicloserina y sélo en 4 (21 por ciento 


de 19 tratados con placebos 

La cicloserina produjo reacciones téxieas graves en 18 de 115 enfermos. Ac 
eficacia terapéutica segdin indican la falta de deterioro roentgenografico y un coefimente 
moderadamente alto de viraje bacteriolégico. La excelencia de otras disponibles combina 


ciones antimicrobianas y la toxicidad de la cicloserina probablemente vedaradn su empleo 


iso oerta 


para tratamiento inicial. No obstante, debe determinarse con ensayos ulteriores su utilidad 


a dosis pequefias, ya sola o en una combinacién terapéutica, para los enfermos que no han 


respondido adecuadamente a combinaciones de isoniacida, estreptomicina y PAS 


RESUME 


Etude-pilote de la toricité de la Cyclosérine 


dans 


Une enquéte pour déterminer les effets toxiques de la cyclosérine a été entreprises 
six hdpitaux chez 141 tuberculeux. Cette étude a été organiséé de telle maniére que ni les 


malades ni les médecins ne pouvaient savoir s’ils recevaient le médicament ou le “placebo 


La plupart de malade étaient porteurs de lésions tuberculeuses pulmonaires tres avaneées 


et cavitaires et leur (tat général était trés mauvais malgré une chimiothérape intense 


anténeure 
Les diverses modalités d’administration de la eyclosérine étudiées étaient: | dose de 15g 


deux fois par jour; | dose unique de 1 g tous les deux jours; 1 dose unique de 0.5 ¢ par jour; 
1 dose de 0,25 g deux fois par jour. L’examen neurologique et l’examen du liquide eéphalo 


rachidien furent pratiqués avant le traitement et au bout d’une cure de douze semaines 
Dans trois des hépitaux des électroencéphalogrammes ont été également effectués au com 
Les malades étaient examinés chaque 


mencement et A la fin de la période d’observation 


jour pour déceler les modifications psychiques et neurologiques. Des rapports sur l'état 


clinique, bactériologique et radiologique furent établis chaque mois 
Durant la cure de douze semaines, des phénoménes toxiques assez marqués pour justifier 


une modification du schéma thérapeutique se sont manifestés chez dix huit malades qui 
ils ont fait défaut chez les malades recevant le “‘placebo’’. Huit 
des troubles moteurs; 


recevaient la evclosérine 
malades ont eu des convulsions; deux, des troubles mentaux,; trois, 


un, de la somnolence; trois, des vertiges et un, de la fiévre et des frissons. Trois des pro 


grammes d’administration de la eycloserine ont provoqué des reactions toxiques chez 11 
39 malades recevant | g tous les 


des 25 malades recevant 0,5 g deux fois par jour; chez 5 des 
deux jours et chez 2 des 38 malades recevant 0,5 g une fois par jour 
la eyclosérine ait du inte 


Bien que le programme établi pour l’administration de 


rrompu chez IS malades au cours des premiers trente quatre jours de traitement, aucun de 


m4 

“we 
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ceux qui avaient dépassé cette période de trente quatre jours sans incidents, n'a présenté 
de réactions d’intolérance durant le reste de la cure de douze semaines 

li n’a été observé aucune augmentation constante de la protéine du liquide céphalo 
rachidien en rapport avec le traitement par la cyclosérine ou avee les réactions d’intolérance 


au médicament. Les électroencéphalogrammes ne so sont pas montrés utiles pour désigner 
avant le traitement les malades qui ont ultérieurement présenté des manifestations 


toxiques, ils n'ont pas non plus révéle les altérations résiduelles apres |'apparition des mani 
festations de toxicité. Les examens neurologiques n'ont pas révelé d’uniformité dans les 


différents types de lésions 
Bien que les radiogrammes des malades traités par la cyclosérine n’aient pas révélé 


l’existence d'une amélioration remarquable au cours du traitement, la comparaison avee 


indiquait que la eyelosérine semblait 


les radiogrammes des malades recevant le “placebo’ 
prévenir toute nouvelle altération. Toutefois, cet effet thérapeutique limité ne fut observé 


qu’avee les programmes thérapeutiques produisant les réactions toxiques. Du point de vue 
bactériologique, la cyclosérine apparaissait plus nettement efficace. La négativation du 
crachat était obtenue chez 30 (45% 
ment 4 (21%) des 19 malades recevant le ‘placebo sf 

La cyclosérine a produit des réactions d’intolérance graves chez 18 des 115 malades 


des 66 malades traités par la cyclosérine et chez seule 


posséde un certain degré d’efficacité thérapeutique comme indiqué l’absence d'ag 
gravation des images radiologiques et par un taux de négativation bactériologique modéré 
L'excellence des autres associations antimicrobiennes dont on disose et la toxicité de la 
cyelosérine préviendront probablement son utilisation dans le traitement initial. Uy a 
toutefois lieu de poursuivre les essais pour déterminer sa valeur A doses faibles, soit quand 
elle est administrée seule soit dans la thérapeutique combinée, chez les malades n’avant 
pas répondu de fagon satisfaisante aux associations d’isoniazide, de streptomycine et de 
PAS 
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VENTILATION IN CHRONIC PULMONARY EMPHYSEMA' 
I. Pressure- Volume and Pressure-Flow Relationships 
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INTRODUCTION 


Changes in the viseo-elastic properties of the lung and progressive bronchial! 
narrowing are the prominent features in the pathophysiology of chronic pul- 
monary emphysema (1). These changes first affect the ventilatory function of 
the lungs. The disturbances in alveolar-capillary gas exchange appear sec- 
ondarily, and usually determine the outcome of the disease. Treatment should 
be aimed at the improvement of ventilatory function, thereby preventing 
further progress of the disease. Therapeutic attempts in this direction, however, 
have not been too successful. One of the reasons for this failure lies in the fact 
that the changes in viseo-elastic properties are poorly understood and inaccessible 
to treatment. The therapeutic attempts, therefore, have to be centered around 
the bronchospastic component of the disease. 

Ventilation is the first step in the chain of events leading to the fulfillment 
of the aerobic metabolic needs of the body, Its evaluation is necessary for the 
understanding of any cardiopulmonary disease. Unfortunately, the clinician 
is faced with a battery of ventilatory function tests whose limitations are not 
always realized 

In the past, great emphasis has been placed upon the different lung-volume 
and time-volume relationships in the bellows action of the chest. Interest in 
the work of breathing has been reawakened only during recent years. 

It is apparent that the lung volumes have no direct relation to the efficiency 
of pulmonary function.” The determination of vital capacity (maximal stroke 
volume), maximal breathing capacity (maximal ventilatory effort over a limited 
time), and similar pulmonary function tests (timed vital capacity, maximal 
expiratory flow rate) does not take into account the forces involved during that par 
ticular ventilatory process. Furthermore, there usually are basic differences in 
the mechanics of breathing during quiet respiration and during maximal ven 
tilatory efforts in patients with chronie pulmonary emphysema. Therefore, 
the results of routine function tests are not always easy to relate to ventilatory 
function. These differences are due mainly to highly increased expiratory flow 
rates, leading to ball valving (2,3) or what might be called “bronchial chattering.’ 
Although the routine pulmonary function tests (spirogram, vital capacity, 
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VENTILATION IN CHRONIC PULMONARY EMPHYSEMA 


ISSPIRATION EXPIRATION 


Porces necessary to move sir in and 
out of the lung: 
Elestic foree; « funetion of the 
lung volume (lung distention) 
enelogous to en elestic epring (1) 
Porce to overcome 
mechenicel resistence, @ function 
of the speed et which the sir 
travels. 
to eir flew (2)- 
sir flowing through the nossles 
of the bellows. 
Restetence to tissue deformation (})- 
deformation of the ferric of the 
bellows. 


WML MLL 


INSPIRATION EAPIRATION 


Fig. 1. Schematic presentation of lung forces involved in the breathing mechanimm 


timed vital capacity, maximal breathing capacity, and the variously derived 
ratios) are of help to the clinician, they do not always contribute greatly to the 
pathophysiologic evaluation of the cardiopulmonary patient. Moreover, correla 
tion with the degree of actual incapacity is often poor 


THE WORK OF BREATHING 


It must be emphasized that minute ventilation bears no relation to the work 
of breathing as long as the pressure components are not considered. If one 
considers the lungs as a pair of bellows (figure 1) connected with a handle (fune 
tioning analogous to the intrapleural space) and fixed by an elastic spring, 
three different forces are acting between the lungs and the intrapleural space 
These forces are balanced by the sum of the thoracic forces: the museular 
forces of the chest wall, the elasticity of the chest wall, and the viscosity of the 
chest wall. The spring represents the elasticity of the lung tissue: the fabric of 
the bellows depicts the viscosity of the lung tissue; and the openings in the 
bellows portray the airways. If one pulls the handle, the bellows are distended 
and air enters as long as the distention is continued 

During this procedure, the elastic force of the spring and the mechanical 
resistance of the bellows system, namely, resistance to deformation (viscosity) 
and to air flow, have to be overcome. Once the bellows are distended and one lets 
the handle go, they will collapse provided the elastic recoil of the spring is 
sufficient to overcome the mechanical resistance of the system (passive expira 
tion). If the spring is too weak, the handle has to be pushed in order to overcome 
tissue viscosity and air flow resistance. It is apparent that either a decrease 
in elastic recoil or an increase in mechanical resistance can lead to the same 
result, namely, an active expiration.' 

‘This analogy does not hold true in all aspects, due to the fact that the lung has volume 


elastic properties, while the elasticity of a spring is a function of its linear distention 
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Compliance: The elastic properties of the lungs can be expressed as compliance, 
which is defined as the volume change per unit of pressure change (L per cm 
HO). A lung with a low compliance is considered stiff and requires a greater 
force for its distention than a lung with a higher compliance. Compliance is a 
linear function of volume in the normal lung within the normal breathing range 
(4). However, if there is unequal ventilation of the lung, the distention of different 
lung regions will vary. The volume of air they receive will differ also. The 
equilibration of alveolar pressure will depend upon the time available for each 
breath. The higher the respiratory rate, the more marked the unequal ventila 
tion. During high respiratory rates, only the normal alveoli will be adequately 
ventilated; the others will have a reduced ventilation. Therefore, a higher 
pressure difference will be necessary for a given volume change, and the com- 
pliance drops with the increase in respiratory rate. If the respiratory rate ts 
sufficiently small, the intrapulmonary pressure differences between unequally 
ventilated alveoli will equilibrate at the end of each inspiration and expiration, 
and the compliance will rise 

Resistance: Mechanical resistance expresses the pressure necessary for a given 
air flow, and is measured as cm. H,O per L per sec. This pressure depends upon 
the viscosity of the lung tissue, the properties of the inspired gases, and the 
structure of the bronchial tree. The resistance due to tissue viscosity has been 
measured to be 30 to 40 per cent of the total mechanical resistance in norma! 
lungs (5). The contribution of tissue viscosity to resistance in diseased lungs is 
unknown. Compliance and mechanical resistance, similar to all other ventilatory 
measurements, change with body position. The present writers have noted this 
in both normal persons and patients with cardiopulmonary disease (6) 

Pressure gradient: A pressure gradient is necessary in order to produce air flow 
The air flows from a high pressure area to a low pressure area (figure 2). During 
inspiration, the distention of the thorax creates a negative intrapulmonary 
pressure. During expiration the conditions are reversed. In the bronchial tree, 
the pressure (pe) falls in the direction of the air flow while the surrounding 
alveoli are exposed to a uniform pressure (palv). If the pressure drop within the 
bronchial tree becomes too large because of high flow rates, the elastic recoil 
of the lung (pd) may be unable to maintain patency of the airways. They may 
then collapse because of the high positive intrapulmonary pressure during an 
expiratory effort (figure 2C). At this moment the air flow will decrease rapidly 
until the intrabronchial pressure rises to a point at which it counterbalances 
intrapulmonary pressure. Air flow resumes and then the vicious cycle starts 
again. The precise moment in which this ball valve or check valve mechanism 
occurs depends upon the intrapulmonary pressure, the air flow rate, the lung 
elasticity, and the structure of the bronchial and peribronchial tissues. 

Emphysema: The above mechanism occurs frequently in chronic pulmonary 
emphysema. It is not always readily recognized in the conventional pulmonary 
function tests which place great emphasis upon time-volume relationships (timed 
vital capacity, maximal breathing capacity, et cetera). The applied expiratory 
force is twofold: first, the elastic recoil which is a function of the lung distention; 
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Grection 


airflow 


pal | 


the sum of the forces tends to keep airways open 
Bin patient with decreased lung elasticity. decreased lung 
elasticity and increased intraconalicular pressure drop 
lead “to partial collapse of airways 
C. new equilibrium of forces during ball valving 
pd= lung elasticity palv = alveolar pressure 
pc = canolicular pressure r= sum of all forces 


Fig. 2. Schematic diagram of the pressure relations in the airways at three different 
levels during foreed expiration: (1) terminal bronchioles, (2) bronchial tree, and 


4) oropharynx 


and, second, the force applied by the expiratory muscles. The elastic recoil is 
sufficient to expel the tidal volume in a normal lung and also tends to maintain 
the patency of the airways (figure 2). During timed vital capacity maneuvers in 
which large volumes are moved within a short period of time, the elastic force 
is a minor factor in the development of initially high flow rates. Hlowever, a 
decrease of the elastic force plays a considerable role in the development of the 
ball valve mechanism. Therefore, in patients with chronic pulmonary emphysema, 
smaller expiratory pressures may lead to higher mean flow rates and higher 
expired volumes because ball valving is avoided to some degree, For this reason, 
the time-volume relationship seems to be of little value in patients with chronic 
pulmonary emphysema, as the volume expired per unit of time depends upon 
the moment at which leakage flow develops. This moment is determined by the 
weakening of the tracheobronchial and peribronchial structures, the elastic recoil 
of the lung, and the pressure gradient developed from the pleura to the oro 
pharynx. Leakage flow manifests itself readily in the expiratory air flow pattern 
by notches and less noticeably by angles in the descending limbs of the spirogram 
(figure 3A). The recording characteristics of the currently used spirometers are 
often inadequate under these circumstances (7). 

Comparison of the mechanics of breathing in a normal subject with a patient with 
chronic bronchial asthma and one with chronic pulmonary emphysema: Some of 
the characteristics discussed above are shown in figures 3A to D, in which the 
mechanics of breathing in a normal patient, a patient with chronic bronchial 
asthma (after induction of bronchospasm by the injection of methacholine, 0.1 
mg. subcutaneously), and a patient with severe chronic pulmonary emphysema 
are compared, In the top tracing (figure 34), the volume changes are recorded; 
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in the second tracing, the venous pressure in the first two subjects and the 
arterial pressure in the patient with chronic pulmonary emphysema are shown 
The influence of changes in the intrathoracic pressure on the circulatory dynamics 
can readily be seen even during quiet breathing in patients with pulmonary 
disease. The venous pressure rises during the period in which the intrathoracic 
pressure is positive, and the arterial pressure and the pulse pressure decrease 
during the inspiratory phase and recover during the expiratory phase. The 
third tracing records the changes in the intraesophageal pressure during inspira 

tion and expiration. The drawn pencil lines connect the points of zero flow rates 
and have been corrected for the volume changes per unit time. They represent 
static intrapleural pressures; namely, the elastic recoil of the lung at that given 
volume. The difference between the static and dynamic (actual) intrapleural 
pressure represents the resistive pressure necessary to obtain the flow rate at 
that particular moment. The flow rates are shown on the bottom tracing 

It will be seen that the patient with chronic bronchial asthma or pulmonary 
emphysema produces lower flow rates, requires a greater pressure difference to 
move air in and out of the lung, and needs proportionally more time for expira 
tion than the normal subject (figure 5A) 

The pressure-volume relationships in these three patients have been plotted 
(figure 38) from the data obtained in the recordings noted in figure 34. The 
normal subject formes a narrow loop. The diagonal line represents the compliance 
and forms a steep angle with the volume axis (normal compliance). It will be 
noted that the loops in the patients with chronie bronchial asthma and chronic 
pulmonary emphysema are much wider, This indicates that most of the work of 
breathing goes towards overcoming the mechanical resistance and only a small 
part towards overcoming the elastic forces of the lung. Furthermore, the elastic 
recoil of the lung is insufficient to perform the expiration. The increased re 
sistance has to be overcome by an active effort of the expiratory muscles 

It will be noted that intraesophageal pressures are positive during the major 
part of expiration. As a rule, absolute intraesophageal pressures are more 
positive than absolute intrapleural pressures. This difference depends upon the 
following factors: the position and inflation of the esophageal balloon, the body 
position, and the physical characteristics of the mediastinal structures. There 
fore, it is usually impossible to determine from esophageal pressures either the 
mid position or the absolute values for the work of breathing. The latter includes 
the metabolic work to keep the lung distended at its mid position 

Although the absolute pressures in the esophagus and the intrapleural space 
may be quite different, the pressure changes during the respiratory cycle are 
about equal at the two different sites under proper experimental conditions (6) 
Therefore, values for compliance and mechanical resistance are equal and inde 
pendent of the site of measurement 

In figure 3", the resistive pressures (4 axis) have been plotted against the flow 
rates (y axis). The curves represent the mechanical resistance obtamed in these 
three subjects. The two patients show a marked increase in resistance during 


both inspiration and expiration. The expiratory tracing shows a loop instead 
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Fic. 3B. Pressure volume relationship during quiet breathing in normal patient (1 
in patient with ehronic bronchial asthma during induced bronchoconstrietion (IT); and in 
patient with long standing severe chronic pulmonary emphysema (TIT) (supine position 
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bic. 3D. Mechanical resistance-time relationship in different patients in supine position 


during quiet breathing: I. normal; IL. chronic bronchial asthma; IIL. chronie pulmonary 
emphysema 


of a single line as noted in the normal subject. This is due to ball valving. The 
pressure necessary to obtain a given flow rate increases progressively during the 
expiratory cycle. 

In figure 3), mechanical resistance has been plotted against time in the three 
subjects. The normal subject shows about the same resistance during the whole 


cycle, while the other two patients have a marked increase during inspiration® 
and a tremendous increase during expiration 


DISCUSSION 


The studies presented in figures 3A to D clearly demonstrate why patients with 


chronic bronchial asthma or chronic pulmonary emphysema can be fully in 


capacitated, despite very little roentgenographic or pathologic evidence of 
disability. A large part of their energy and their oxygen uptake is spent on the 
breathing process alone 


Although Rohrer (8) introduced the modern concept of the mechanics of 
* The increase in mechanical resistance during inspiration has not been taken into con 


sideration in the development of the various function tests which have been designed t 
replace the maximal breathing capacity 
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breathing forty years ago, the full significance of pressure-volume and pressure- 
flow relationships has only been recognized in the past few years. There are still 
large gaps in our knowledge of the physical properties of the human lung which 
remain to be solved. The clinician should realize that an evaluation of ventilatory 


function on the basis of volume measurements or volume-time relationships 


alone may be as incomplete and as misleading as evaluating cardiac function on 
the basis of cardiac output without taking into consideration blood pressures and 


vascular resistance 


SUMMARY 


The importance of pressure-volume and pressure-flow relationships the 
evaluation of patients with chronic pulmonary emphysema is stressed. The 
limitation of the conventional pulmonary function tests in this report is dis 
cussed 

Patients with chronic pulmonary emphysema produce lower flow rates, 
require greater pressure gradients to move air in and out of the lung, and need 
proportionally more time for expiration than normal subjects, 

Loss of elasticity and increased pressure gradients lead to expiratory ball 
valving, especially under conditions of stress, e.g., hyperventilation, vital 


capacity, and maximal breathing capacity maneuvers 


SUMARIO 


La Ventilacion en el Enfisema Pulmonar Crénico: 1. Relaciones del Volumer 


de la Corriente Presion 


Reedlease la importancia que poseen las relaciones del volumen-presién y dela corriente 
presion en la justipreciacién de los sujetos que padecen de enfisema pulmonar cronico. Dis 
efitese la limitacidn que rodea en este sentido a las pruebas cornmentes de la funern 
pulmonar 

Los enfermos con enfisema pulmonar erénico muestran fndiees mas bajos de la corriente 
de aire, requieren pendientes més altas de la presién para introducir y sacar el aire de los 
pulmones hecesitan proporcionalmente que lows stujetos horn tiles pura la 
espiracton 

La pérdida de la elasticidad y las pendientes mis altas de la presién conducen a efector 
cle valvy ula de bal men le on sobre todo en de esfuerzo samiobras 


relacionadas con la hiperventilacién, la eapacidad vital v la maxima capacidad respiratoria 


KESUME 


| nitlation dan l"s mphyse wee pulmonatre chronique / Rappor fa ent 


volume pression et déhit pression 


les rapports pression volume et pression débit dans l‘évaluation dex eas 
(emphyséme pulmonaire chronique est mise en évidence. La limitation des tests conven 
tionnels de la fonetion pulmonaire est étudiée dans ce rapport 

Chez les malades atteints d’emphystme pulmonaire chronique les taux de débit sont 
plus faibles, les gradients de pression réclamés pour la pénétration et le rejet de lair dans le 
poumon sont plus élevés et ces malades ont proportionnellement besoin de plus de temps 
pour expiration que les sujets normaux 

La perte d'élasticité et l'accroissement des gradients de pression conduisent au “hall 


valving” expiratoire, en particulier dans les conditions de stress, c'est A dire dans Uhypetr 
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ventilation et les manoeuvres utilisées dans la détermination de la « spacité vitale et de la 


Capacite respiratoire maxima 
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INTRODUCTION 


In the first paper of this series (1), the importance of pressure-volume and 
pressure-flow relationships in the evaluation of patients with chronic pulmonary 
emphysema was discussed. The purpose of the present study is to report the 
results in 12 patients with chronic pulmonary emphysema in whom the me- 
chanics of breathing were correlated with the conventional pulmonary function 


tests. 


AND METHODS 


MATERIAL 


Twelve patients with an established diagnosis of chronic pulmonary emphysema were 


studied. Vital capacity and subdivisions of the lung were measured with a % liter Collins 
with a low resistance Rudolph-valve and a Douglas 


spirometer; maximal breathing capacity, 
bag; and residual volume and intrapulmonary mixing, by the seven-minute nitrogen wash 
The predicted values were derived by using Baldwin's formulas. These 


out method (2) 
tests were carried out in sitting position 

Arterial blood was collected after a resting period in the supine position from the brachial 
artery and analyzed for carbon dioxide and oxygen content by the method of Van Slyke and 
Neill. The pH was determined with a Cambridge Research Model pH Meter and pC), was 
Intraesophageal pressures were 


calculated using the nomogram of Singer and Hastings 
substituted for intrapleural pressures. These were measured by an intraesophageal tube 
with multiple holes at its distal end which were protected by a thin-walled latex balloon of 
15 em. in length. The balloon was placed in the lower third of the esophagus and was kept 
in a nearly deflated state (inflation by 1.0 ml. of air). The tube was connected to one side of 
a differential transducer. The other side of the transducer was connected to the mouthpiece 
Air flow rates were measured with a 400 Monel mesh 3 square inch pneumotachograph,’ 
and the volumes were obtained by electrical integration of the flow rate signal. Appropriate 


correction was made for volume changes between inspired and expired air due to variation 


in temperature and humidity 

All pressures were recorded through mechano electrical transducers on a four channel 
Sanborn polyviso. Two series of ten breaths each were analyzed and the mean compliance 
of the two series had to check within 0.01 for values below 0.1, and within 0.02 for values 
between 0.1 and 0.15. Mechanical resistance was obtained by dividing the resistive pressure 


by the flow rate at intervals of 0.1 seconds for slow respiratory rates and at intervals of 


' From the Department of Medicine, Tufts University School of Medicine, and Lung 
Station (Tufts) and Department of Inhalation Therapy, Boston City Hospital, Boston, 


Massachusetts 

* This study was made possible by a grant in-aid from the Tobaceo Indust: 
Committee, New York, New York 

' This apparatus measures the pressure difference across a fine wire screen and gives a 
respiratory 
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linear response over the range of respiratory flows encountered during most 
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0.04 seconds for fast respiratory rates. The mean mechanical resistance was determined 
planimetrically by plotting me¢ hanical resistance against time. These studies were done in 


the supine position, where compliance values are approximately 25 per cent lower and re 


sistance values approximately 20 per cent higher than in the sitting position (3). Both slow 


and fast respiratory rates were studied whereby the range was selected by the patient 


RESULTS 


The results of all of the function tests are summarized in table 1, together 
with the physical characteristics of the patients Three patients had a reduction 
of the vital capacity below 75 per cent of the predicted value, while only 2 
patients had a maximal breathing capacity within the expected values In 
7 of 11 patients, the air velocity index was significantly reduced, An increased 
residual volume-total lung capacity (RV,TLC) ratio, unequal ventilation, and 


poor intrapulmonary mixing were present in all instances. With the exception 
of one patient, all patients showed arterial oxygen unsaturation at rest, The 
pCO, was high in 3 patients and the pH was low in one patient 

The compliance values showed a wide range of variation at basal respiratory 
rates but. in all but one case, there was a marked drop when the respiratory 
rate was increased (figure IC). The one patient who did not show this drop had a 


very low initial compliance value Mechanical resistance during inspiration 
was high in every instance, varying from 1.2 to 14 times the normal (average 


125 times normal). This increase was even more marked during expiration 


(22 to 25 times normal, average 6.6 times normal) These findings corroborate 
the results of Fry and associates and of Mead and co-workers (4, 5) 


DISCUSSION 


The usual findings in chronic pulmonary emphysema are increased residual 
volume, poor intrapulmonary mixing, and decreased maximal breathing capacity 


The vital capacity is usually only slightly reduced (2). Changes in arterial 
blood gases depend upon the amount of ventilatory disturbance. These findings 
are confirmed in the present study and correlated with the observed changes 
in compliance and mechanical resistance 

In normal patients and in patients with cardiac failure, there is good correla 
tion between vital capacity and compliance (6-5) This correlation is much 
poorer in patients with chronie pulmonary emphysema (figure 14), This ts 


understandable, as changes in the viseo-elastic properties of emphysematous 


lungs lead to a decrease in elasticity and unequal ventilation, Consequently, 


the correlation between compliance and intrapulmonary mixing index is much 
better in the patients of the present study (figure 1C) In this figure, the alveolar 
nitrogen concentration is plotted agaist the compliance values obtamed at 
slow and fast respiratory rates. 

The patients with poor intrapulmonary muxing, In general, show a low com 


plianee. However, in their present form, neither the nitrogen washout method 


nor the determination of compliance are ideal methods for the determination 


of intrapulmonary mixing. The nitrogen washout method tends to give low 


alveolar nitrogen values in hyperventilating subjects The compliance value 
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COMPLIANCE 
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1. Relation between vital capacity and compliance in 
10 normal subjects (Stead ef al 
10 normal subjects (Mead et al 
A 10 patients with chronic pulmonary emphysema (Stead ef al 
@ % patients with ehronie pulmonary emphysema (Mead ef al 
x 12 patients w ith chronic pulmonar Vy emphysema Attinger ef al 
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hia. 18. Relation between residual volume and « ompliance in 


10 normal subjects (Stead ef al 
Stead ef al 


A 10 patients with chronic pulmonary emphysema 
Mi al et al 


@ Y patients with chronie pulmonary emphysema 
x 12 patients with chronie pulmonary emphysema (Attinger ef al 


in patients with unequal ventilation depends upon the respiratory rate which is 
usually increased in these subjects. Therefore, the compliance value for a given 
patient could be reduced during his “normal” breathing. It might be considerably 
higher if he could establish a respiratory rate of two or three. Inasmuch as he is 
unable to do this, the determination of a time independent (‘static’) compliance 


is impossible, In patients with a reduced compliance at slow respiratory rates 
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Fic. 1C. Relation between intrapulmonary mixing and compliance at slow respiratory 
rates and fast respiratory rates in 12 patients with chronic pulmonary emphysema 


_ 


on 


Fic. 1D, Relation betweencompliance and arterial pO; or pCO, in 12 patients with chronic 
pulmonary emphysema. 


the significance of further drop in compliance with an increase in respiratory 
rate is very difficult to evaluate. 


Neither the maximal breathing capacity nor the residual volume-total lung 
capacity ratio (RV/TLC) showed a correlation with compliance. The patients 
with a high residual volume did tend to have a low compliance in accordance 
with the changes in the pressure volume diagram due to the elevated mid posi- 
tion (7) (figure 18). An interesting relationship seems to exist between com- 
pliance and arterial pO» (figure 1). The patients with lowest compliance had 
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Kia. 1E. Relation between compliance and mean mechanical resistance of the entire 


respiratory cycle in 12 patients with chronic pulmonary emphysema 


the lowest pO». The relationship between compliance and pCO, was less striking 
possibly because most of the patients studied had a pCO, in the normal range 
In general, high resistance values went together with low compliance values 
(figure 1). However, the seatter of the correlations was very wide and did not 
allow any general conclusion to be drawn from one measurement to another 
This is understandable when one considers the factors which determine the 
result of a particular ventilatory function test and the complex pathophysiology 
of the disease 

If one regards changes in visco-elastic properties and bronchial obstruction 
as the basic disturbance of chronic pulmonary emphysema (figure 2), then the 
first disturbance would be hyperinflation and unequal ventilation, leading to an 
increased work of breathing. This would be manifested by changes in com 
pliance and mechanical resistance, increased residual volume, and poor intra 
pulmonary mixing. As a result of the two basic factors and the unfavorable 
position of the inspiratory muscles, the maximal breathing capacity would be 
more or less affected. This first stage may lead to hypoxemia and unequal per 
fusion and later to the third stage with alveolar hypoventilation, Hypoxia and 
carbon dioxide retention lead to constriction of the pulmonary veins and venules, 
thereby interfering with the outflow of blood from the lungs (9). This ean lead 
to a decrease in compliance 

In addition, a large increase of carbon dioxide has been found to effect bron 
choconstriction, which also tends to decrease compliance (10). However, other 
investigators, using somewhat lower concentrations of carbon dioxide, have 
described bronchodilator effects of the increased carbon dioxide tensions (11, 12 
Hypoxia and hypercapnia result from alveolar hypoventilation and may lead 
to pulmonary hypertension (13, 14) 

On the other hand, destruction of alveolar walls leads to a restriction of the 


capillary bed and subsequently to pulmonary hypertension. The latter is ana 


tomically fixed and irreversible; the blood flows at an increased rate through the 
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Fig. 2. Pathophysiology of chronic pulmonary emphysema. Development and degree of 


cardiopulmonary failure 


pulmonary capillaries, thereby decreasing the time of contact between blood and 
gas phase as long as the cardiac output does not fall (14). The resulting anoxemuia 
is partially compensated by hyperventilation, thereby lowering the pCO 
Pulmonary hypertension on the basis of alveolar hypoventilation may be 
reduced by rehes and or hy percapnia long iis there are no anatomic 
changes of the pulmonary vessels. Finally, the fourth stage is reached: on the 
one hand, alveolar hypoventilation leading to respiratory acidosis and respiratory 
failure; on the other hand, pulmonary hypertension leading to cor pulmonale 
and cardiac failure 

Unfortunately, the physician usually recognizes the patient with chronic 
pulmonary emphysema in an advanced stage. The clinical diagnosis in the early 
stages can be very difficult because the patient might not present any signs of 
symptoms. Measurements of compliance and mechanical resistance reveal ab 
normalities when the usual pulmonary function tests are still within normal range 
Chronic pulmonary emphysema is a very common and crippling disease and 
seems to be on the increase. The application of preventive measures and vigorous 
management in the early stages offers more hope than the treatment im the 
advanced stages. In preliminary experiments, it has been found that amino 
phyllin, bronchodilators, and intermittent positive-pressure breathing on inspira 
tion can increase compliance and decrease mechanical resistance, with subse 


quent improvement in pulmonary gas exchange 
SUMMARY 


The results of ventilatory function tests in 12 patients with chronic pulmonary 


emphysema are presented. These were correlated with the mechanics of breathing 
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comphance and mechanical resistance) and also with the pulmonary gus ex 
change 

Patients with chronic pulmonary emphysema show in general a decrease in 
compliance and an increase in mechanical resistance, The relationship between 
these changes and vital capacity, residual volume, maximal breathing capacity 
unequal ventilation, anoxia, and hypercapnia is briefly discussed. In general, 
patients with a high residual volume, poor intrapulmonary mixing, and low po 
show a low compliance. Unequal ventilation is manifested by a drop in com- 
plance with an increase in respiratory rate 

The work of breathing has a significant influence on the ineapacity of these 
patients and is an important factor in determining the degree of disability. 


SUMARIO 


La 


Ventilacion en el En fine ma Pulmonar (ronico C'orrelacion de la Kjyecucion y la 


he fencia Vecdnica con las Pruchas Corrientes de la Funcion Pulmona 


Preséntanse los resultados de las pruebas de la funcién ventiladora en 12 enfermos que 
tenian enfisema pulmon ir cromeo, correlacionindose los mismos con la mecanica de la 
respiracion ‘ejecucion resistencia mecinica) vy ademds con el intereambio pulmonar de 
Kitses 

Los enfermos que tlenen enlsema pulmonar cromico muestran en general disminucin 
de la ejecucién y aumento de la resistencia meednica. Disedtese sucintamente la relacion 
entre esas alteraciones lu « idad vital, el volumen residual, la Cupra re spiratoria 
méxima, la desigualdad en la ventilacién, la anoxia y la hipereapnia. En general, revelan 
mala eyecucion los sujetos con alto volumen residual, defeetuosa mezela intrapulmonar 
pO» bajo. La desigualdad en la ventilacién se traduce por baja de la ejecucién con aumento 
de la velocidad re spiratoria 

Recdlease la principal consecuencia de la tarea respiratoria sobre La ine apacidad de estos 
entermos, sefialAndose ta que reviste en la determinacién del grado de ine 
dad Disedtense las limitactones que rodean en este sentido a las pruebas cornmentes de la 
funecion venti! 


KESUME 


La ventilation dans l’en physene pulmonatre chronique Il. Corrélation entre la résilience et la 


sistance mecanique par les teats classiques de la fonction pulmonaire 


Les résultats des tests de la fonetion de ventilation chez 12 malades atteints (emphyséme 
pulmonaire chronique sont présentés. Il a été établi une corrélation entre ces résultats et 
le mécanisme de la respiration (résilience et résistance automatique) et également avee les 
échanges gazeux pulmonaire> 

Chez les malades atteints d’emphyséme pulmonaire chronique il ren général une ré 
duction de la résilience et une augmentation de la résistance mécanique. Les rapports entre 
ces modifications et la capacité vitale, le volume résiduel, la eapacité respiratoire maxima 
la ventilation inégale, l'anoxie et 'hypercapnie sont briévement étudi« bon général, dan 
les cas o8F le volume résiduel est élevé, les échanges gazeux intrapulmonaire médivere 
et le pO» faible, la résilience est réduite. L’inégalité de la ventilation se manifeste pur 
une diminution de la résiliencee et un aceroissement de la vitesse dex mouvement 
respiratores 

L‘importance primordiale du mécanisme de la respiration comme cause d’invalidité ehez 
ces malades est mise en évidence. Les auteurs signalent l'importance de cette méthode pour 
déterminer le degré d’invalidité Les limitations des tests Classiques de la fonetion de 


ventilation 4 cet égard ont comment ées 
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INTRODUCTION 


There is a question of how well the serologic response which accompanies 
naturally occurring or experimental tuberculous infection or immunization 


reflects the dynamics of the host-parasite relationship. Numerous studies of the 


factors which influence this response have, in recent vears, centered about the 
detection or identification of specific mycobacterial antigens from culture 
filtrates or extracts of bacillary masses by employing mammalian erythrocytes 
as adsorbents (1-6). These sensitized erythrocytes, in turn, may be used, to 
examine sera for the presence of specific antibodies 

Despite the extensive use of these techniques in investigations of antigen 
antibody reactions, the adsorptive capacity of the erythrocyte is, as yet, in 
completely understood, and thus some limitation is imposed on these procedures 
Since Landy (7) has reported the simultaneous or successive adsorption of several! 
distinet bacterial antigens by the same erythrocytes, it is quite possible that the 
particular antigen or antibody demonstration observed in many instances is 


attributable only to the predominant reactants in the system being studied 
In the experiments to be described, advantage was taken of the independent 


diffusion and precipitation of antigens and antibodies in gels (8). Old Tuberculin 
was employed as antigen in an attempt to identify or separate the various 
precipitating antibodies in tuberculous sera. These results were then compared 


with those obtained by other serologic tests and with tuberculin reactivity 


MATERIALS 


AND METHODS 


Sera: Rabbit sera: Blood samples were collected at intervals from rabbits following 
single intravenous Injections of Mycobacterium tuberculosis (var. bowie, Ravenel Ha7TRy 
V phler, or BCG. The sera were removed from the clots and stored at 1O°C’. until needed 

In order to provide sera with high antibody titers and broad specificities, 2 rabbits were 
given three injections of 2.0 mg. of BCG at three day intervals. One week following the last 
injection, blood was drawn and the recovered sera were stored as above 

Hemagqalutination and hemolytic teata (tuber slopolysaccharides The tee hniques of these 
tests as employed by this laboratory have been described previously (9). lessentially the 
ure drop” modifications of existing procedures and employ 1:15 OT? as the sheep cell 


sensitizing antigen 


From the Depart me nt of Bae teriologys The Ohio State University, Columbus, Ohio 
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Senaitication of tanned cella with tuberculoproteins 6): One tenth milliliter of W ished, 
packed sheep cells was mixed with 1.0 ml of 1:10,000 saline dilution of tannic a id (Mal 
linekrodt, Fluff After ten minutes’ incubation in a 97°C’. water bath, the cells were thrice 
washed with buffered saline 

Tanned PPD cells were prepared by vdding 1.0 ml. of PPD* whi h contained 0.5 mg. of 
tuberculin per ml, After sixty minutes in a 37°C. bath, the cells were again washed three 
times with buffered saline and finally prepared as a 0 5 per cent suspension 

\ similar quantity of tanned cells, incubated with 2.0 ml. of 1:15 OT (previously ad 
sorbed with packed normal cells to remove tuberculopolysaccharides was treated as 
sbove. The resulting 0.5 per cent suspension eerved as the second Boyden type protein 
antigen 

PPD: The tuberculin preparations used to skin-test sensitized rabbits were the standard 
products manul wtured by Parke, Davie and Company of Detroit Michigan (first-, inter 
mediate, and cond strength doses). The tuberculins were diluted as pres¢ ribed immedi 
itely prior to testing The same PPD employed to sensitize tanned erythrocytes for testing 
intibodies to tubereuloproteins on oceasion served as antigen in the agar-diffusion tech 
nique 

(yar diffusion: Baeto Agar® was prepared to an 0.5 per cent concentration with phos 
phate buffered saline pH 7.4) and steamed for fifteen minutes to assure ¢ omplete melting 

Six milliliters of the above agar containing 1:10,000 aqueous merthiolate, were poured 
into flat-bottom Petri dishes and permitted to harden at room temperature The plates 
then were stored at refrigerator temperature (4°¢ until needed. Twenty minutes before 
testing, excess moisture was removed from the Petri dish lids with filter paper and the plates 
were dried at 37° 

Filter paper dises (12.7 mm.) were placed on the agar surface, 7 mm. apart. The number 
of dises per plate never exceeded five and depended on the particular test being pe rformed 
Serum and antigen were placed on opposing dises by means of dropper pipettes until satu 
ration was observed usually 0.2 ml. suffieed All reagents were preserved with 1: 10,000 
merthiolate 

The plates were in ubated for two to three weeks at 4°C., during which time observations 
were made at three. to four-day intervals by viewing the plates im oblique light. Care was 
exercised to minimize temperature changes during the observation periods since the preempt 
tates quickly disappeared at higher temperatures This was probably due to the ine reased 
diffusion of antigen with thermal change and the ultimate dissolution of precipitate because 
of antigen excess The disappearance of precipitates with time was also expl sined on this 

Frequently it was found necessary to concentrate serum samples to assure high anti 
body concentration, This was accomplished, as recommended by Elek (10), by pretreating 
the serum dise with test serum und drying in vacuo. Two su h procedures in addition to the 
serum application after the dise was placed on the agar surface gave a threefold concen 
tration 

Photography Numerous methods were examined for achieving satisfactory lighting con 
ditions for photographing agar diffusion plates. The most cuccessful was the placing of the 
war dish on the clear glass viewing plate of a Cireline R wdiograph IHluminator.* The 
surface of the viewing glass surrounding the Petri dish was masked with d irk blue paper 
The interior of the illuminator was similarly darkened. The oblique lighting furnished by 
the Circline fluorescent tube provided good contrast between the precipitates in agar ind 
the background. Photogr uphs were thus obtained which did not distort the appearance of 
the precipitates, & phenomenon which often accompanies procedures necessitating the 


tilting of plates to prov ide adequate lighting contrast 


‘Lot X 0335-4 generously provided byw the Parke, Davie Company Detroit 
Michigan 

Difeo Laboratories, Detrott Michigan 

General Electric \ Corporation Milwaukee, Wisconsin 
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Fic. 1. Effect of antigen dilutions on position of precipitates 


KESAULTS 
Agar Diffusion Studies with Hyperimmune BCG Serum 


In order to ascertain the feasibility of applying agar-liffusion techniques to 
the study contemplated, an hyperimmune BCG serum (prepared in rabbits a» 
described above) was titrated in the presence of varying dilutions of OT, A 
central dise saturated with undiluted serum was placed on the agar plate and 
surrounded by discs treated with 1:15, 1:30, 1:45, and 1:60 saline dilutions 
of OT, respectively. A second plate was prepared similarly, in which highet 
dilutions of antigen were employed (1:120, 1:240, 1:480, and 1:960). After 
several days’ incubation, lines of precipitate were observed and the titer of this 
particular serum was finally determined as 1:240. The quantity and position 
of the precipitates were dependent in part on the concentration of antigen 
the greater the concentration, the closer to the serum dise (figure 1). On occasion 
as many as three lines of precipitates were discernible between certain of the 
serum and antigen dises, suggesting multiple reactions 

Since the test sera (rabbit) were also to be examined by the sensitized-erythro 


cyte techniques, it was necessary to determine if heat inactivation and the 


removal of naturally occurring antibody by adsorption with normal sheep cell» 
would influence the precipitating capacity of serum. The standard BCG anti 
serum was heated at 56°C. for thirty minutes, followed by two adsorptions with 
sheep cells as for serologic testing. Neither procedure appreciably altered the 


reactivity of the serum 
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Nature of the Antigen(s) Responsible for Reaction in Agar 


A series of experiments was performed to identify the antigen or antigens 
present in OT which precipitated the serum antibody just described. 

Three milliliters of 1:15 OT were mixed with 2.0 ml. of packed, norma! sheep 
erythrocytes for ten minutes at room temperature to remove the readily ad- 
sorbable tuberculopolysaccharides. The adsorbed OT (diluted to 1:30) still 
retained its antigenicity as measured against the standard serum in agar. Three 
additional adsorptions did not decrease its reactivity although the adsorbing 
cells were no longer agglutinated by a serum known to contain hemagglutinins. 
Thus the antigenic material was assumed to be protein or protein complexes 

Confirmation of this assumption was obtained by adsorbing 1:15 OT with 
tanned sheep cells. The work of Boyden (4) and Meyneli (5) has shown that 
tanned erythrocytes will adsorb protein as well as carbohydrate. Two milliliter 
quantities of tanned cells were mixed with OT as above. After four adsorptions, 
the OT no longer reacted with the test serum in the agar-diffusion test. Addi- 
tional evidence for the protein nature of the antigens was obtained when it was 
shown that PPD could be substituted for OT in the agar procedure 


Specificities of Antibodies Demonstrated with Agar Diffusion 


The question arose whether or not the antigens responsible for positive agar 
diffusion reactions were identical with those described by Boyden and Sorkin 
and demonstrated with tanned erythrocytes (11) 

Accordingly, the standard hyperimmune serum was tested for hemolysins 
and hemagglutinins with tanned cells sensitized with 1:15 OT (which had 
previously been adsorbed with normal cells to remove tuberculopolysaccharides ) 
and with tanned cells sensitized with 0.5 mg. of PPD. Both antigenic prepara- 
tions were used since it was believed that several protein antigens might be 
revealed in this manner. Although Boyden and Sorkin (11) reported demon- 
strating at least four protein antigens with tanned cells, their test measured 
only specific hemagglutinins while the present techniques would permit the 
detection of specific hemolysins as well, 

The results indicated that the serum contained antiproteins which were 
demonstrated with both tanned cell antigen preparations. Hemolysins and 
hemagglutinins were observed with the PPD-sensitized tanned cells, while 
hemagglutinins alone were seen with the other test antigen. 

The anti-BCG serum employed in this experiment was obtained from a 
rabbit which had received multiple injections of viable organisms; hence it can 
be assumed that it contained antibodies to minor antigens. The presence of the 
agar-diffusing and Boyden-type antibodies in the same serum, therefore, may be 
attributable to the particular method of immunization. Their coexistence does 
not necessarily prove that the two methods of demonstration measure antibodies 
with the same specificities 

The effect of time on the appearance of various antibodies following a single 
injection of mycobacteria has been established (12). Accordingly, the following 


experiment was conducted to ascertain the possible presence and relationship 
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TABLE 1 


APPEARANCE OF ANTIPROTEINS FoLLOWING A or Myconacreria 

Tanned Cells Sensitized 3 

with Previously Tanned PPD Cells Agar Diffusior = 

‘ 40 

Serum and Week Post Injectior Adsorbed OT Ty 


Serum Serum 


Anti BCG 


0 
2 
3 
4 
5 
Anti-M. bovis 


refers to hemolysis; H.A. refers to hemagglutination 
of these antibodies in sera procured at different time intervals from animals 
injected intravenously with BCG and M. tuberculosis (bovis, Ravenel) 

Serum samples, collected weekly from 2 rabbits which had received 2.0 mg 
of each mycobacterium respectively, were tested with the sensitized-cell sus 
pensions as in the previous experiment. Each of the serum samples was divided 
into two portions, one of which was concentrated (see Materials and Methods), 
and both were examined by agar diffusion with 1:30 OT as antigen 

The experimental results (table 1) clearly illustrate the value of concentrating 


sera for the agar demonstrations. Under these conditions the antibodies were 


detectable as early as the first (anti-M. bovis) or second (anti-BCG) week. The P 
failure to demonstrate antibodies to the protein-sensitized tanned cell antigens : 
in the majority of sera suggests that either these antibodies are different from a 


those measured in agar or that they were present in too low concentrations to be 


demonstrated by sensitized tanned cells 


Reactions of Randomly Selected Serum Samples 


2 

In view of these results, 31 sera were chosen at random from rabbits which 
had received single intravenous injections of viable BCG, M. phler, H37Ky, ot . 


the bovine (Ravenel) strain. No effort was made to select sera with respect to 


any particular time interval following injection. 
When these sera were subjected to the usual testing procedures, the same 
lack of correlation between agar-diffusing antibodies and Boyden-type anti 


bodies was found as in the previous experiments (table 2). It is also apparent 
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TABLE 2 
Reactions or Ranvpomiy Antisera TO Varntous Mycopacrerta 


Tanned Cells Sensitized 
with Previously Tanned PPD Cells Agar Diffusior 
Adsorbed OT 


Serum Sample 


Whole Concentrate: 
HLA 
Serum Serum 


Anti BOG 


Anti V phlei 


Anti HS7Ry 


Anti hows 


* HL. refers to hemolysis: HA. refers to hemagglutination 


that the two tanned cell antigens probably detected different protein antibodies 
in most instances in which reactions were observed 

With some of the agar-diffusion tests, in addition to concentrating the test 
serum, it was necessary to dilute the antigen beyond 1:30 before a visible 
reaction would occur. This procedure is in keeping with the suggestions of 
numerous other investigators who reported that discernible reactions take place 


only when the reactants are in equivalent proportions. 
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TABLE 3 


Dirrusing ANTIBODIES AND 


Tuberculin Reactivity After 48 Hours (Mm 


t 
Intravenous Injection Agar 
First Intermediate Diffu Test 
Strength Strength trength 
days 
BOG 
20 me 
] 
7 +x lo 
tx 5 Wx 
27 Sa 10 
10 
phlei 
20 meg 
" 
Sx 5S 
17 
6x7 
27 Sax 10 
hovis 
0.25 me 
" 
Wx 
17 No test No test No test 
5x8 21 30 x 30 
SxS 20 x 25 2h x 


Agar-Diffusing Antibodies and Tuberculin Reactivity 


The protein specificity of the agar-diffusing antibodies and their presumable 
independence from the antiproteins measured by the sensitized erythrocytes 
employed in this study suggested a series of experiments designed to determine 
their relationship with tuberculin hypersensitivity. Further justification for this 
aspect of the investigation was provided by the work of Cole and Favour (13), 
who found that both Boyden-type antibodies and those responsible for tuberculin 
hypersensitivity existed in the same fraction of guinea pig plasma 

(jroups of rabbits were injected intravenously with either 2.0 mg. of BOG, 
or M. phlei, or 0.25 mg. of bovine tubercle bacilli. At the intervals recorded in 
table 3, serum samples were obtained from each of 2 animals prior to tuberculin 
testing with first-, intermediate-, and second-strength tuberculin (PPD). The 
tuberculin tests were read after forty-eight hours. All sera were concentrated 
and tested for agar-diffusing antibodies with OT. None of the animals was tested 
more than once 

Agar-diffusing antibodies were observed in some sera of animals injected with 
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2.0 mg. of BCG or M. phlei. For the most part, their presence paralleled the 
development of tuberculin hypersensitivity, although discrepancies were noted 
The absence of agar-diffusing antibodies in the sera of rabbits infected with 
virulent bovine tubercle bacilli can be explained at present only on the basis of 


dosage (see Discussion) 


DISCUSSION 


By employing agar-diffusion techniques, it was possible to detect antiprotein 
substances in the sera of animals injected with various mycobacteria. The 
protein specificities of these antibodies were determined by their reaction with 
PPD and with OT from which the tuberculopolysaccharides had been adsorbed 
with normal sheep cells. Since more than one line of precipitation was frequently 
observed, it is probable that several antigen-antibody systems were being 
detected 

The most consistent demonstration of multiple precipitates occurred with an 
hyperimmune serum prepared against viable BCG, thus suggesting that at least 
some of the antibodies were produced against minor antigens in the bacillus. In 
order to demonstrate these antibodies in the sera of animals which had received 
a single injection of other mycobacteria, it was often necessary to concentrate the 
serum by desiccation despite the fact that 2.0 mg. of inocula were employed 
Further evidence that stimulation of these antibodies required a relatively large 
concentration of antigen was afforded by the failure to demonstrate these 
substances in the sera of rabbits twenty-seven days after injection of 0.25 mg. 
of virulent tubercle bacilli 

By the antigens and methods utilized in this study to reveal the presence of 
antiproteins, it was possible to show that tanned cells adsorb different proteins 
from OT and from PPD. Also, it seems likely that the hemolytic demonstration 
sometimes observed with PPD-tanned cells is attributable to an antigen dis 
tinct from that responsible for hemagglutination. The inability to demonstrate 
hemolysis with any of the sera tested and OT-tanned cells is noteworthy and 
has been described previously (6) 

Of particular interest is the apparent independence of at least some of the 
agar-diffusing antibodies from the antiproteins demonstrated with sensitized 
erythrocytes. Support for this was found in two observations: the absence of 
agar-diffusing substances in concentrated sera which when untreated reacted 
with protein-sensitized tanned cells; and the occasional demonstration of these 
antibodies in sera which had not reacted with the protein-treated erythrocytes 

The development of tuberculin hypersensitivity in infected animals without 
the concomitant demonstration of the agar-diffusing antibodies (table 3) was 
presumptive evidence that distinct specificities were involved. These animals 
each received an injection of 0.25 mg. of organisms which, although sufficient 
to induce infection and tuberculin reactivity, probably contained too little of 
the antigen responsible for the development of agar-diffusing antibody. Despite 
subsequent multiplication of the bacilli, a critical concentration of antigen was 
not attained during the test period. This explanation has some support from the 
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data presented in table | from which it may be recalled that the positive tests 
observed were with sera from rabbits injected with large inocula of virulent 
tavenel organisms (2.0 mg.). However, further investigation of this aspect of 
the study is indicated 


SUMMARY 


Agar diffusion antibodies possessing protein specificities were found in some 


sera of rabbits injected with mycobacteria These substances are often present 


in low concentrations and may require concentration of the test serum for thei 
demonstration 


Evidence has been presented which suggests that some of these antibodies 


may have specificities for proteins different from those observed with the sensi ; 
tized-erythrocyte techniques employed. Presumably these antibodies are not 

associated with those responsible for tuberculin activity om 

SUMAKIO 


tnticuerpos Tuberculosos Descubiertos por la Dif en Agar Es pecifu idad Incidencia 


en Suerosa de Conejoa de pos Difundidos en 


algunos slleros de Cone) Os invectados con micobacterias dese ubneron verpor 
difundidos en gar que Pposelan ificidad para las proteinas estas substancias se en 
ecuentran a menudo pre sentes en concentraciones bajas \ tal Vez requie ran coneentracmn 
del suero ensayado para descubrirlas 

Preséntanse datos que sugieren que algunos de esos anticuerpos pueden poseer especih 


cidades para lus proteinas distintas de las observadas con las téenieas de los entrocito 


sensibilizados empleadas. Presuntamente, esos anticuerpos no estan asociados con los que 


intervienen en la aetiy idad de la tuberculina 


ME 


tuhberculeur démontréa par la diffusion dans la qélose 


/ Specificite et incidence des 


anticorps du aérum de lapin diffusant dans la qélon 
/ 


Des anticorps diffusant dans la gélose et possédant les caractéres spécifiques de la pro 
téine ont été trouvés dans certains sérums de lapin inoculés avee les mycobactéries. Ces 
substances sont souvent présentes a faible concentration et peuvent réelamer la concen 


tration du sérum testé pour les découvrir 


Les auteurs fournissent des données qei suggérent que certains de ces anticorps peuvent 
exereer des actions spécifiques sur des protéines qui différent de celles observées aves 
Vemploi des techniques utilisant l’érythroeyte sensibilisé. [Lest probable que ces anticorps 


ne sont pas les mémes que ceux responsables de l'aectivité de la tuberculose 
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INTRODUCTION 


The demonstration of agar-diffusing antibodies with protein specificities im 
certain sera from rabbits injected with mycobacteria (1) suggested the testing 
of human tuberculous sera by the same technique. The results were compared 
with those from other serologic procedures as in the preceding paper. In addition, 
sera were fractionated to determine in which globulin fractions the various 
antibodies resided 


MATERIALS AND METHODS 


The serologic techniques employed in the present series of experiments were similar to 
those deseribed in the preceding paper, but with the following single modification 

To retard the nonspecific opacity that is commonly observed with some human sera in 
the agar diffusion tests, | M glycine was introduced into the agar during its preparation 
2). The pH was adjusted as before 

Sera: In addition to the antisera recovered from rabbits injected with mycobacteria 
1 human tuberculous sera, each from a different patient, and provided by the staff of the 
Ohio Tuberculosis Hospital, were included in this study. The kind and extent of anti 
microbial therapy which the patients were undergoing at the time the sera were procured 


for the antibody tests consisted of isoniazid, streptomycin, PAS, and pyrizinamide in vari 


ous two or more drug combinations for as short a time as two weeks and up to four years 
Control sera were obtained from children three to nine years of age from Children’s Hospital 
of Columbus 

Serum fractionation: Two procedures for serum fractionation were utilized in these 

experiments: the methanol technique as described by Pillemer (3) and the ethanol fraction 

ition as reported by Deutsch (4). Minor changes in the techniques from those recom 
mended by the authors necessitate their description 

|. Methanol: Ten volumes of serum were mixed with 7.5 volumes of deionized water 

ind 5 volumes of acetate buffer Gronie strength O04 pl 54 The mixture was chilled 

to lt ifter which 7.5 volumes of methyl aleohol (clinically pure), previously cooled 

tol C., were added at the rate of 0.25 volumes per minute. The precipitate which formed 


ifter one hour in an ice bath was removed following centrifugation at 2,500 ropom 


for thirty minutes at 1°C. This precipitate was essentially pure beta globulin and wae 
oluble in phosphate buffered saline (pH 7.4 

Il. Ethanol: One volume of serum was diluted with 3 volumes of deionized water 
\fter lowering the temperature of the diluted serum to 0°¢ 1 volumes of 3) per cent 
ethanol (precooled to 10° te —20°C..) were introduced slowly and with continuous 
stirring. The mixture then was chilled to —6°C. and held at this temperature for thirt 


minute After centrifugation at the same temperature 20M: pom thirty minutes 


the preeipitate (4) was removed and the supernatant fluid was mixed with one volume 
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of cold deionized water. The pH was adjusted to 5.1 with 0.05 M acetic acid, and the 
solution was placed in the ice bath for ten minutes, during which time precipitate B 
formed. The supernatant liquid was recovered after centrifugation at 0°C. and adjusted 
to pH 7.4 with 0.5 M sodium bicarbonate. An equal volume of 50 per cent ethanol was 
added slowly, and the temperature of the mixture was again lowered to —6°C. Under 
these conditions precipitate C appeared and was recovered in the manner described 
above 
All precipitates were reconstituted to the original serum volume with isotonic saline 
before being tested for antibody content. It was found necessary to add dry sodium 
chloride to the supernatant liquids to achieve isotonicity 
Electrophoresia: Electrophoretic mobilities of the various serum fractions were deter 
mined by paper electrophoresis in a Durram tent-type tank and a variable power source 
Heathkit, Model PS.3). Adequate separation of fractions was obtained with 3 MM filter 
paper and veronal buffer pH 8.6, ionic strength 0.05) after five hours at a current of 25 
milliamperes. The paper strips were dried in a hot air oven (170°C) for ten to fifteen minutes 
ind stained for four hours by immersion in a 0.1 per cent solution of bromphenol blue 
After several ten minute washings in 2.0 per cent acetic acid and subsequent development 


in sodium acetate solution (0.75 per cent), the strips were re-dried and examined 
RESULTS 
Distribution of Antibodies in Human Sera 


Forty human tuberculous sera and an equal number of control sera (from 
children, three to nine years of age and presumably tuberculin negative) were 
concentrated and tested for reactivity in agar with various dilutions of OT. 
In addition, each serum sample was examined for antituberculopolysacchanides 
and antiproteins by the sensitized-erythroeyte techniques (see previous paper for 
description of antibody demonstrations (1)) 

In no instance were reactions noted with the control sera. The distribution of 
reactions among the tuberculous sera is recorded in table 1, in which it may be 
seen that only 5 of the 40 sera tested (12.5 per cent) demonstrated agar-diffusing 
antibodies. It should be mentioned that fewer lines of precipitation were ob 
served with the human sera than were seen with the hyperimmune anti- BCG 
sera from rabbits. These same human sera contained antiproteins as determined 


by their reactivity with protein-sensitized erythrocytes. However, 15 other sera, 


TABLE 1 


or ANTIBODIES IN TUBERCULOUS SERA 


N amber Agar-Diffusing Antituberculopoly 
of Sera Antibodies saccharides 
; 
‘ 
Total 40 5 (12.5% my 
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which also reacted with sensitized erythrocytes, failed to exhibit antibodies by 
the agar-diffusion test. Thirty-two of the sera (80 per cent) gave positive reac 
tions for antituberculopolysaccharides 


Antibody Content of Serum Fractions 


In order to further characterize the agar-diffusing antibodies, both positive 
human sera and sera from rabbits hyperimmunized with BCG were fractionated 
by the methanol procedure. The fractions tested for serologic activity proved 
to be essentially beta globulin as shown by paper electrophoresis. Although 
occasional low titers of antipolysaccharides were observed in this fraction from 
some rabbit sera, none of the fractions tested reacted with OT in the agar 
procedure 

Having established the absence of these antibodies in the beta globulin frac 
tion, two anti-BCG sera (rabbits) were fractionated by the method of Deutsch 
(4). The four fractions obtained were subjected to electrophoresis (figure 1) 


and serologic examination. The results of testing one such fractionation are 


recorded in table 2, from which it may be seen that the agar-diffusion antibodies 


B 
Serum P-B 


P-C S-A $-c 


Fig. 1. I lect rophoretic separation of serum fractions 
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TABLE 2 


Anrimopy Convent or Serum Fracrions 


Antipolysaccharide 


Antiprotein 


Praction Components 
HL* HA HL 
Supernate A Most! albumin, but also 
small amounts of a, 8 
and globulins 
Supernate ¢ Trace quantities only 
Precipitate 8 and small amounts of 
Precipitate ¢ globulin 16 12s 
Whole serum 128 512 
* HLA. refers to hemagglutination, H_L. refers to hemolysis 
t All titers expressed as reciprocals of serum dilution 
TABLE 3 
FRACTIONATION OF HUMAN Sena 
Agar Reactivity Antipolysaccharide Antiprotein 
Num Whole Serum Serum Fractions Whole Serum Serum Fractions 
ber Whole Serum 
Vractions HA* HL* HA HL HA HL HL 
Preeipi Precipi Precipi 
tate ¢ tate B tate ¢ 
2 32 
(Preeipi 
tate 
Preeipi 
tate ¢ 
Preeipi 
tate 


* HEA. refers to hemagglutination; H.L. refers to hemolysis 


and the preponderence of antipolysaccharides were contained in the gamma 
globulin-bearing fractions. Although the Boyden antibodies (antiproteins, 5) were 
not demonstrated in any of the fractions of the example shown in the table, 
similar tests with other fractionated hyperimmune sera indicated their presence 
in the gamma globulins 

For purposes of comparison, 4 tuberculous human sera were fractionated and 
tested in a like manner, These sera were selected because of their variation in 
serologic reactivity. As shown in table 3, the antiproteins, including the agar 
diffusing substances, and the antipolysaccharides were found in the fractions 
containing gamma globulins, which is in agreement with the results observed 
from testing the rabbit sera. Of interest was the demonstration of agar-diffusing 
antibodies which occurred only after fractionation of serum C-1 
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DISCUSSION 


The incidence of agar-diffusing antibodies in human tuberculous sera is con 
siderably less than was seen in the sera from rabbits which had received large 
mocula of mycobacteria intravenously, as reported in the preceding paper 
If the assumption is valid that a relatively large concentration of antigen(s 
Is necessary for stimulating the production of these substances, a t sting pro 
cedure such as this might warrant further investigation as a possible aid in 
prognosis. Although the number of sera tested admittedly was small, the markedly 
fewer reactions observed by this technique as compared with those demon 
strated with sensitized erythrocytes are more in keeping with the ameliorative 
effeets generally observed with modern therapy 

Again, as was concluded from the previous study with rabbits, the agar 
diffusion antibodies observed in human sera probably are distinet from those 
capable of inducing tuberculin sensitivity since it is highly unlikely that only 5 
of the 40 tuberculous patients from whom sera were procured would be tuber 
culin reactors, No attempt was made to relate the specificities of the aga 
diffusing antibodies in human sera with those observed in the rabbit sera other 
than to ascertain that in both instances the antibodies were directed toward 
proteins or protein complexes, 

With regard to the distribution of the various antibodies in serum fractions, 
it would appear, at least from the present experience, that the antipolysae 
charides, agar-diffusing antiproteins, and the Boyden-type antibodies all were 
associated with gamma globulin-bearing fractions although their presence was 
not mutually dependent. This was true of both rabbit and human sera 

Cole and Favour (6) have reported that, while the antipoly saccharides (Middle 
brook-Dubos antibodies) reside in the gamma globulin fraction of hyperim 
munized guinea pigs, the antiproteins (Boyden antibodies) were found in a 
new fraction designated as [V-10 which also was capable of passively trans 
lerring tuberculin hypersensitivity. The residence of the antiproteins in rabbit 
and human sera as compared with the results just cited with guinea pig sera 
can best be explained on the basis of species differences, although the intensits 
of the immunization in the test animals must also be considered 

Little can be said concerning the demonstration of only agar-diflusing anti 
bodies after the fractionation of the human serum, C-1 (table 3). Gerst! and his 
associates (7) have shown that re-examination of certain sero-negative tuber 
culous human sera following fractionation resulted in positive tests for anti 
polysaccharides. The possible presence of inhibitor was suggested as being 
responsible for the false-negative reactions. Whether or not an analogous phe 


homenon could account for the results presented here is as yet undetermined 


SUMMARY 


Five of 40 tuberculous human sera contained agar-diffusing antibodies with 
specificities directed to antigens present in Old Tuberculin. An equal number of 
sera from nontuberculous children failed to react, 

The antipolysaccharides, agar-diffusing antibodies. and the antiproteins 


demonstrated with protein-sensitized erythrocytes were found to be asx inated 
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with the gamma globulin-bearing fractions in both the human test sera and the 


sera from rabbits injected with BCG. 


SUMARIO 


Tuberculosos Deaculnertos por la Difusion en Agar 11. Mayor Caracterizacion de 


{nticuer pos 
Katow Anticu rpoe Su Diatribucion en Sueros T ute rculosos H umanos 


Cineo de 40 sueros humanos tuberculosos contenian anticuerpos que se difundian en 


agar pose lan es pec ificidades relac jionadas con antigenos presentes en la tuberculina de 


Koch. Un namero igual de 
Observése que los antipolisacdridos, los anticuerpos que se difundian en agar y las anti 


sueros procedentes de nifios no tuberculosos no reaccionoe 


proteinas descubiertas con eritroeitos protemo sensibilizados se asociaban con fracciones 


que contentan la globulina gamma tanto en los sueros humanos ensayados como en los sueros 


inveetados con BCG 


de conejo 


RESUME 


fuberculeus démontres par la diffusion dans la qilose Autres caractéristiques de 


ces anticorps et leur répartition dans le aérum humain tuberculeux 


0) sérums humains, 5 renfermaient des anticorps diffusant dans la gélose, Ces 


anticorps exereaient une action spécifique contre les antigénes présents dans la vieille 


Des «¢rums. en nombre égal, prélevés chez des enfants n'ont pas présent¢ 


tuberculin 


cette réaction 
Les antipolysaccharides, les anticorps diffusant dans la gélose et les antiprotéines ident 
tes sensibilisés A la protéine ont été trouvés associés aux fractions 


fiés A Laide d’érythroey 
tant dans lex sérums humains testés que dans les sérums de lapins ine 


globuline gamma 
culés avee le BCG 


Acknowledgment 


The writers wish to express their sincere appreciation to Dr. Joseph Tomashefski, Mrs 
Robert MacMillan, and Mr. Samuel Fraley of the Ohio Tubereulosts Hospital, Columbus 


Ohio. for their advice and assistance throughout the course of this study 


REFERENCES 


1) M.8., Bornece, R.G., J.M.: Tuberculous antibodies demon 


strated by agar-diffusion. I, Specificity and incidence of agar diffusing anti 


bodies in rabbit sera, Am Rev. Tubere., 1956, 74, 229 
The use of precipitin analysis in agar for the 


and Oakley tech 


8. P., Swiek, L., and Bonn, 
«<tudy of human streptoeo cal infections: If. Ouchterlony 
niques, J. Exper. Med., 1955, 101 557 

4) Pree, Lo: The separation and concentration of the isohemagglutinins from human 

sera, Science, 1943, 97,75 

Separation of antibody-active proteins from various animal sera 


1) Decrscn, H. P 
by ethanol fractionation, Meth. in Med. Research, 1955, 4 Js5 
The idsorption of proteins on erythrocytes treated with tanme 


J. 1 xper Med 1051 


5) Bovoen, 8. \ acid 
ind subsequent hemagglutination by antiprotein sera 


6) Cone. L. R., ano Favour, C. B 
und the passive transfer of delayed and immediate cutaneous re 


Med 


Correlations between plasma protein fractions, anth 


bendy titers 
vetivity to tubereulin, PPD, and tuberculopol ysaccharide J. Exper 


1945. (07, 
7) Geerert, B., Daves, W 


tuberculous sera, Am. Rev. Tubere., 1955, 72 345 


Krase, D., A. G., Bansrert, M., anp 
B.: Detection of apparently absent circulating antibodies u 


» 
mi 
| 


VACCINATION OF MICE AGAINST COCCIDIOIDES IMMITIS 
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INTRODUCTION 


\ large percentage of the population of the arid regions of the Southwest 
hecome infected with the fungus, Cocerdioides immitis. Approximately 40: pet 
cent of the infections are symptomatic. The majority of these are of a mild to 
acute “influenzal” or “pneumonic’’ type which is self-limited, but occasionally 
the infection becomes extrapulmonary and then is often fatal. There is no specific 
chemotherapy. However, epidemiologic evidence (1) as well as experimental! 
studies indicate that a single infection confers a relatively solid immunity 

Although the need for prophylaxis is great, efforts to immunize against this 
fungus have met with little success. Recently Vogel and associates (2) attempted 
to immunize guinea pigs with heat-killed spherules of C. ammitis The animals 


developed sensitivity to coccidioidin, but a comparison of the lesions in the var 


cinated animals and untreated controls showed only a relative increase in re 
sistance. It may well be that their use of guinea pigs diminished the clarity of 
results, for more than ten years ago one of the present writers (CLELS.), attempt 
ing vaccination of this animal with heat-killed cocecidioides, failed to demonstrate 
conclusive protective effect. The present report deseribes the protection of mice 


by vaccination with killed spores of the saprophytic phase of C. mmmitis 
MATERIAL AND METHODS 


Strains® of ©. immitis were cultured as deseribed in previous studies a et unpub 
lished (3 

Vaecines of C. ammitis were prepared by two methods 1) submerged culture of the Cash 
strain was centrifuged and the cells were re suspended in acetone. This suspension was 
macerated at 70°C. ina tissue grinder. The acetone was almost completely removed by 
evaporation and the sediment was re sts penile d toa coneentration of 19 per cent b volume 
in saline solution. This percentage by volume, as well as those to be mentioned subse 
quently, was determined by centrifugation in a Wintrobe hematoerit tube. (B) Two lots 


of dry spores from agar cultures of the Silveira strain were killed with formaldehyde b 
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34°C’. They were then 


placing them above concentrated formalin in a closed container at 


left exposed at room temperature until free of formaldehyde odor. Lot No. | was suspended 
the other lot, to 27 per cent 


to a concentration of 21 per cent by volume in saline solution; 


In addition to the specific agent, saline suspensions of wood flour, rice starch, and viable 
The concentrations were adjusted 


broth grown Saccharomyces cerevisiae were prepared 


to 20 per cent by volume. The nonantigenic wood and starch were injected to rule out non 


specific protection which might be produced by injection of an inert particulate substance 


S. cerenmac was included to observe possible cross immunization by another fungus 


In groupe of 28 to 39, white mice were inoculated subcutaneously with 0.1 ml. of the 


above suspensions at the ninth, thirteenth, fifteenth, seventeenth, and twenty second 
These inoculated mice and 100 normal mice were challenged by 


weeks prior to challenge 
the intraperitoneal route with one hundred viable spores of the Silveira strain. The mice 


were observed for sixty days and at the end of this period all survivors were sacrificed and 


autopsied for evidence of infeetion, Cultures on 3 per cent malt agar were made of lesions 


and of lungs and liver when no lesions were observed 


KESULTS 


Protection was conferred by each of the three vaccines prepared from C 
mmmitis, As shown in figure 1, vaccination markedly reduced the lethality. There 


PRE CHALLENGE TREATMENT 
—— CiMMITIS, CASH ACETONE- 
C.MMITIS, SLVEIRA STRAIN, LOT +2. 


FORMALDENHYOE KKL.LED 
CIMMITIS, SLVEIRA STRAIN, 


FORMAL DEW YOE KUL LED 
UNTREATED CONTROLS 


wooo FLOUR 


RICE STARCH 


VIABLE SACCHAROMYCES 
‘ CEREVISIAE 


PER CENT SURVIVAL 
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was only one death in the animals which received lot No. 2 of the formaldehyde 
killed spores of the Silveira strain, and 2 in those which received lot No. 1 of 
the same strain. There were no deaths among the animals which were inoculated 
with the acetone-killed vaecine of the Cash strain. By comparison (4), half of 
the untreated control animals were dead in nineteen days and SO per cent were 
dead at the end of the observation period of sixty days 

Although the course of the disease was favorably modified in the vaccinated 
animals, the infectivity of C. immitis was only slightly reduced. At autopsy, 
sixty days after challenge, only 3 (10 per cent) of the survivors which received 
the acetone-killed Cash vaccine and only 4 (15 per cent) of those inoculated with 
lot No. 2 of the Silveira strain appeared normal and gave negative cultures 
However, 15 (38 per cent) of the mice which had been vaccinated with formalde 
hyde-killed Silveira, lot No. 1, had neither gross lesions nor positive cultures 
The vaccine prepared from lot No. 2 and lot No. 1 of the Silveira strain differed 
in the concentration of cells (27 and 21 per cent, respectively). [t is unlikely 
that the difference in results is attributable to this factor since concentration of 
the vaecine would perhaps favor lot No. 2 which afforded less protection to in 
fection. All of the control animals, including those which received wood flour, 
starch, and the yeast, were infected. Similarly, Salvin (5) found that the tissue of 
mice immunized against Histoplasma capsulatum was infected but not to the 
same extent as nonimmunized control mice 

The similarity of the survival curves (figure 1) of the control mice and those 
which received the wood and the starch indicates that no protection was afforded 
by those inert particulate substances. S. cerevisiae actually seemed to lower re 


sistance to challenge with C. immitis. This phenomenon has been studied by 


Pappagianis (6) who suggested the use of this yeast in the present study. Scherr 


(7) also reported the lowering of host resistance to a fungus, Candida allncans, 


by S. cerevisiae 
DISCUSSION 


The factors responsible for the protection observed in the present studies with 
killed C. ammitis were not clear, Apparently the strain differences were not 
critical since the Cash strain evoked as good protection against lethality by the 
Silveira strain as the vaccine prepared from the homologous Silveira strain 
Moreover, the efficacy was similar whether formaldehyde or acetone was used 
to kill the organism or whether the fungus used for the vaccine had been grown 
in submerged culture in liquid medium or on the surface of a solid medium 

Since an immune response was readily induced under a variety of conditions, 
the absence of reports of successful immunizations may be related to the exper 
mental host employed. Both Negroni and associates (8) and Vogel and co-workers 
(2) used guinea pigs. In this animal the development of coccidioidomycosis is 
extremely variable and the results are often difficult to interpret. In the experi 
ence of the present writers, the infection pattern in mice ts much more homage 
neous and reproducible 

Many obvious questions have not been answered. bor example, is the response 


to the vaccine sufficient to protect against a greater challenge? How durable is 
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the immunity? Although the severity of the infection was less in the vaccinated 
animals than in the controls, the high proportion of infection demonstrable by 
autopsy at the end of sixty days makes one very cautious. Might these animals 
have suceumbed if the period of observation had been extended? The practicality 
of human vaccination cannot be estimated from these preliminary experiments 
but the immune response in the animals used in these experiments is justification 


for continued efforts to develop an appropriate vaccine. 


SUMMAKY 


which were vaccinated subcutaneously with killed spores of Coecidioides 
immitis showed an increased resistance to challenge by viable Coecidioides im 
mitis. This resistance was evidenced by survival for sixty days of 95 to 100 per 
cent of the vaccinated mice compared with 20 per cent of the control animals 


However, autopsy revealed that nearly all survivors were infected with the 


SUMARIO 
Vacunacién de loa Ratones contra el Coccidioides ITmmitia 
Loew ratenes vacunados intraperitonealmente con esporos matados del Coecrdioides 
immiti«s revelaron aumento de su resistencia a la provocacién con Coccidioides tmmitis 
viables. Exta resistencia quedé demostrada por la sobrevivencia durante sesenta dias 


05 « 100 por ciento de los ratones vacunados, comparado con 20 por crento de los testigos 


No obstante, la autopsia revelé que casi todos los sobrevivientes extaban infectados 


MP 
Vaccination des sourtia contre le Coceidiondes tmmittia 


Lew ours Vaceinees par vor intrapéritonéale avec des spores tudes de Coccidiondes 
immitie présentaient une résistance accrue A Vinoculation par les Coecidioides tmmitias 
viables. Cette résistance @tait démontrée par la survie de lanimal pendant soixante jours 
chez 05%, des souris vaecinées par rapport aux 20% enregistrés chez les souris témoins 


Cependant, Vautopsie a re vélé que presque toutes sourts survivantes étarent infectées 
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A MODIFICATION OF VIRULENCE OF MYCOBACTERIUM TUBER- 
CULOSIS BY CHICK EMBRYO ADAPTATION ' 


G. D. HSIUNG ano L. D. HALEY 


teceived for publication November 25, 1055 


INTRODUCTION 


It is well known that birds are highly resistant to infection with the human 
tubercle bacillus. In 1948, Eggerth, Dresher, and MeOsker (1) found that there 
Was a progressive increase in virulence fot chick embryos of a human type A 


strain of Mycobacterium tuberculosis after nine to fifteen passages through em 
bryonated eggs. Since this was done only with a single strain, further confirma 
tion is advisable. It also may be thought to be of interest to note whether or not 
tubercle bacilli, following passage through embryonated eggs, will develop an 
altered virulence for the guinea pig. A controlled modification of the virulence 
of strains of M. tuberculosis might have potential value for practical applica 
tions 


In view of the above interest, four strams ol Mycobacterium tuberculosis freshly 


isolated in this laboratory were chosen for this study. The purpose of the present 
report is to present the results of the effects on virulence of the tubercle bacillus 
in chick embryos and experimental animals by serial propagation in embryonated 


eggs 


MATERIALS AND METHODS 


Organisms: Four strains of tubercle bacilli were inoculated into rabbits and guimen 


pigs three were identified as M. tuberculosis vat hominis and one was classified as Vv 


reuloasis Var hovis 
Vv tuberculoaia var hominia strains 


{ddison strain was isolated from a patient in the Grace New Haven Community 


Hospital. Primary isolation of this organism was from the yolk of embryonated 


eggs inoculated with digested sputum (2 The organism was susceptible to strep 
tomyvein (1 mg. per ml.) and isoniazid (0.06 mg. per mil 


Smith strain was isolated from a patient in the Laurel Heights Sanatorium Shelton 
Connecticut. Tuberel bacill were found ibundantly in the volk of embryonated 


eggs during primary isolation This organism was resistant to streptomyeim “) 


mg. per ml.) and susceptible to ton izid (0.3 mg. per ml 


Fletcher atrain was isolated from a patient in Laurel Heights Sanatorium. Saline 


suspension of the growth on Lowenstein Jensen slant was used for the first passage 


into volk saes of embryvonated eggs. The organism was resistant to both strep 


tomycin (30 mg. per ml und isoniazid (1 mg. per ml 
Vtuberculosis var. boris strains: 


Crissey atrain killed the rabbit twenty davs after subcutaneous inoculation of a 


broth culture. Primary isolation of this strain was on penienin blow! agar (4 \ 


saline suspension of a two week-old culture was inoculated into yolk sacs of em 
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bryvonated eggs. This organism was susceptible to streplomyein (1 mg. per ml.) and 


resistant to isoniazid 1 mg. per mil 


Procedure for Serval Propagation of Tubercle Bacilli in En Lryonated kaq 


Six. to seven-day old embryonated eggs were used for all the passages. Methods 
ecandling the eggs and inoculation were those of Beveridge and Burnett (4). Saline suspen 
sions of the strains of M. tuberculosis mentioned above were used as inoculum Pwo tenths 
mi. of a suspension were Incr ulated into each of six yolk sacs; the perforations in the egg shell 
were sealed with scoteh tape and the eggs were ine ubated at 37°C. Four days after inocu 
lation. the eggs were candied and the dead embrvos discarded. On the twentieth day of 
ineubation the surviving eggs were chilled for two hours to kill the embryo The eggs 
were then opened aseptically. Approximate ly | gm. of the yolk content was colleet dintoa 
sterile test tube and 2 mi. of sterile » iline were added to make a uniform sts peneston bach 
subsequent experiment involved the inoculation of yolk from the preceding run into six 
embrvonated eggs as described above. Six eggs were used each time to allow for loss through 
traumatic death of some of the embryos 

Before each series of inoculations was begun, acid fast smears were tnade 'o ¢ heek for 
presence of organistie Infected embryos were removed and ¢ <amined for gross lesions of 
the internal organs. Spleen and liver were caved for histologic sections in every fifth or 
sixth passage. These tissues were fixed in 10 per cent formalin imbedded in paraffin, and 
ections were stained by a modified Zichl Neelsen method (5 

Four strains of egg rdapted Vv tuberculosia were o>tained for the virulenee test in 
guinen pigs 

Addison Addison stra, twenty live passages in embryon sted ¢ “uu 
Smith XXIV: Smith strain, twenty four passages im embryonated eggs 
Fletcher XV: Fletcher strain, fifteen passages in embryonated eggs 
Crissey XVIIL: Crissey strain, eighteen passages in embrvyonated egg» 


eparation of Yolk Suspensions and Broth Cultures for tnimal TInoculatior 
suspensions Yolk infected with egg adapted strains of tubercle wae har 
vested thirteen to fourteen days after inoculation ind suspended in sterile saline in 1 dilu 


tion of 1:2. The mixture was shaken vigorously for ten minutes and centrifuged at low speed 
for ten minutes in order to remove larger bacillary clumps. The supernatant was collec ted 
snd a tenfold serial dilution Was m ide in sterile saline. Colony counts were tm ule by mneeu 
lating 0.01 mil. of ene h dilution onto a portion of pe nicillin blood agar plate, using a tuber 
eulin syringe and beginning with the highest dilution. Three plates were u ed for each 
determination and they were ine ubated at 37°C). The remaining undiluted volk suspension 
was frozen immediate at we 

After two weeks of incubation colonies on the blood agar plates were counted, and the 


werage number of viable tubercle bac illi (or bacillary particles) per milliliter was ey tluated 
The frozen yolk suspension was then thawed and « desirable dilution of a known amount 
of viable bacilli (as enumerated from the colony counts) was used for animal ior ulation 
In the meantime, plate counts of the tenfold dilutions of the frozen yolk suspension were 
repeated to cheek for possible loss of viable cells during the period of storage 

Broth cultures: Pure cultures of the four unadapted strains of tubercle bacilli, grown on 
blood agar slants, were imo ulated separ itely into Bacto Dubos broth with 0.02 per cent 
Tween” 80 and 10 per cent Dubos medium und serum, After twelve to fourteen days of 
incubation at 37 ¢ the broth cultures were shaken vigorously and centrifuged Plate 
counting technique was done as far as the volk suspension in order to determin the num 


ber of viable bacillt per milliliter 
Virulence Teat of the kag pted Straina of Tubercle Bacilli in 
Kags and in Guinea Piga 


Embryonated eggs: All of the embrvonated eggs used in the experiment were sts tou seven 


davs old and the route ot inoculation was the yolk sac In each test six eggs received olk 
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suspension of an egg adapted strain of tubercle bacilli containing approximately 200,000 
viable cells, while another six eggs received an equal amount of organisms of the respective 
unadapted strain grown in broth culture for twelve to fourteen days. All of the inoculated 
egues were incubated at 37 ¢ At the end of two weeks’ incubation, the eggs were opened 
ind the embryos were examined for pathologie changes 

Guinea pigs: Male guinea pigs weighing approximately 250 to 400 gm. were used in this 
experiment. These animals were negative when skin-tested with 0.1 ml. of 0.005 mg. of 
tuberculin (PPD second strength). Inoeulations of the volk suspension and the broth 
cultures into guinea pigs were made subcutaneously in the inguinal region with a known 
amount of viable tubercle bacilli. In every experiment each of 3 guinea pigs received the 
yolk suspension of an egg adapted strain of tubercle bacilli containing approximately 2,000 
viable cells, while 3 others received equal amounts of organisms in a broth culture of the 
respective unadapted strain. These two groups of animals were kept in two separate cages 
but housed in the same animal room. At the end of four, six, and eight weeks the animals 
were sacrificed, one from each group. Spleens were used as an index of the degree of infec 
tion. Liver and lung were examined for gross lesions, and histologic sections were made in 
the questionable eases. Cultures were made from the enlarged regional lymph nodes and 


spleen on blood agar plates 


KESULTS 
Observations on Serial Propagation of M. Tuberculosis Embryonated 


During the first five passages of the Addison strain there was no gross evidence 
of effect on virulence to chick embryos although scattered tubercles were present 
over the chorio-allantoic membranes along the blood vessels. The thickness of 
the menbranes was not increased, Smears of the yolk did show increased num 
bers of tubercle bacilli, and histologic sections revealed a few acid-fast organisms 
in the spleen and the liver 

Following the tenth to twelfth passages, the infected embryos appeared smaller 
in size than did normal embryos. The surfaces of the moderately enlarged spleens 
were studded with a few tubercles while the chorio-allantoic membranes were 
covered with numerous pinpoint tubercles or clusters of tubercles 

\fter fitteen passages the embryos (figure 1) were greatly stunted, curled, 
and possessed spleens markedly enlarged with numerous tubercles, The chorio 
allantoi membranes were thickened with confluent plaques and tubercles. bom 
bryos moculated with the yolk suspension of this organism following the twen 
tieth passage did not reveal any significant changes in virulence beyond those 
just noted and were still viable 

Results similar to those described for the Addison strain were also obtained 
for the Smith, Fletcher, and Crissey strains. It was noted that all membranes of 
Viable embryos following inoculation with yolk suspensions of the Crissey 
stra after the eleventh passage were markedly thickened and had many con 


fluent plaques (figure 2 


Investigations on the Virulence of Egqg-Adapted Tubercle Bacilli in Guinea Pigs 


\ total of 41 guinea pigs were inoculated with the different egg-adapted strains 


and the unadapted strains. The results obtained from each animal are indicated 


in figure 3 
Guinea pigs inoculated with the Addison strain following twelve passages 


through chick embryos showed marked weight loss and emaciation, followed by 


ap 
| 
4 


Fic. 1. Gross appearance of the freshly removed spleens und the twenty day old em 
bryos: A. Infected with egg adapted Addison XXV in volk suspension; Infected with 


the unadapted Addison strain in broth culture: C. A normal embryo 


hia, 2. Gross ippearance of the freshly removed chore allantone membranes 
twenty dav old chick embryos infected with equal numbers of 
1. Egg adapted Crissey NVITT in yolk suspension 


B. Unadapted Crissey strain in broth culture 
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Fig. 3. Extent of tuberculosis in guinea pigs at necropsy after infections with (A) egg 
adapted and (8) unadapted strains of tubercle bacilli. 
Ospleen © number of weeks after injection animal 


0 mesentery lymph nodes died 
liver $ number of weeks after injection animal 
«site of inoculation and regional sacrificed 
lymph node 
The extent of tuberculosis in the organs is indicated by the degree of shading 
@ maximal involvement () minimal involvement 
(S53 moderate involvement grossly no change 


death of 2 animals at the end of the fourth week. This was in contrast to those 
animals which had been inoculated with the unadapted strain and were symptom- 
less. All surviving animals were sacrificed at the end of six and eight weeks 
Maximal tuberculous lesions were obtained in the pigs inoculated with the egg 


A B 
x a ~ 
TA DS \\ (LZ. ) 16) 
(99) 8) OY) Ws, 
ADDISON STRAIN 
gt 
ina! ing) ine ()) 
™ 
8) | (Ag 
Ug 
l 
= 
| 
7 


HSIUNG AND HALEY 


Fig. 4. Gross appearance of the formalin-fixed spleen of guinea pigs infected with equal 


numbers of (A) egg adapted Addison XXV in yolk suspension; (B 


unadapted Addison 
strain in broth culture 


Top: Spleens from animals four weeks after infection 

Center Spleens from animals six weeks after infection 

Bottom: Spleens from animals eight weeks after infection 
Compare with the results in chick embryos simultaneously infeeted (figure | 


adapted organisms, and minimal lesions were found in animals inoculated with 
the unadapted strain (figure 4). 


The guinea pigs inoculated with egg-adapted strains of Smith and Fletcher 
also showed marked increase in virulence as contrasted to those animals inocu 
lated with the unadapted strains (figures 3, 5) 
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5. Gross appearance of the formalin fixed spleens, mesentery mph und 
lungs of guinea pigs infected (six weeks) with equal numbers of (4) egg ad ipted Fleteher 
XV in yolk suspension; (2) unadapted Fletcher strain in broth eulture 


Note the comparatively small spleen and rare, small lesions on lung of animal in Of 


group 


Cuinea pigs inoculated with the Crissey strain adapted through chick embryos 


failed to show any increase in virulence (see figure 2) which is in marked eon 
trast to the other strains 


DISCUSSION 


Subcultures of yolk to new yolk sacs were made on the fifth, seventh, tenth 
thirteenth, and fourteenth days following primary inoculation of chick embryos 
\cid-fast stains failed to reveal any organisms in yolk subcultured on the fifth 
through the tenth days; a few organisms were seen in the yolks subeultured on 
the tenth day but, by the thirteenth or fourteenth day, abundant organisms were 

Moore (6), Emmart and Smith (7), and Fite and Olson (8) have used the 


chorio-allantoie membrane of chick embryos to study the virulence of tubercl 
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bacilli. Lee and Stavitsky (9) reported that intravenous inoculation of chick 
embryos with a strain of M. tuberculosis var. hominis resulted in a uniform in- 
fection of the parenchymatous organs. In this study it was observed that, when 
tubercle bacilli were introduced into the yolk sac of six- to seven-day old em- 
bryonated eggs, a uniform infection was obtained thirteen to fourteen days later. 
This method, compared to the above mentioned routes, was simpler and easier. 
Uniform suspension of the yolk material was easily obtained without further 
grinding. The yolk sac route, therefore, was chosen for all of the subcultures. 
Tubercle bacilli multiplied successfully in this way and serial passages were made 
in the yolk of six- to seven-day-old chick embryos. 

The spleen of the embryo was always involved and offered gross evidence of 
infection, Thus, the appearance and size of the spleens usually served as an index 
of infection. It was not unusual to find gross lesions on the surface of the liver. 
Bacilli and lesions in the unexpanded lungs of embryos were unsatisfactory for 
the determination of the degree of infection. 

The Crissey strain, which was classified as a bovine variant, showed enormous 
thickened tuberculous areas on the chorio-allantoic membrane after eleven 
passages. This organism, following its eighteenth subculture through embryo- 
nated eggs, gave no evidence of enhanced virulence in guinea pigs similar to 
those seen with the other three strains. 

Emmart and Smith (7) and Moore (6) found that the virulence of tubercle 
bacilli could be determined as successfully in chick embryos as in guinea pigs. 
A virulent strain for guinea pigs produced many lesions of the chorio-allantoic 
membrane of chick embryos, whereas an avirulent strain produced little or no 
lesions. The present studies indicate that, with the exception of the Crissey 
strain, as the virulence of the organisms increased for the chick embryos, it also 
increased for the guinea pig 

The antigenicity of these strains of tubercle bacilli whose virulence has been 
enhanced by passage through embryonated eggs has not been studied. Whether 
these strains possess a better antigen for the hemagglutination test for tuber- 
culosis or for the production of tuberculin remains to be determined. 


SUMMARY 


Three strains of M. tuberculosis var. hominis and one strain of M. tuberculosis 
var. bovis showed marked increase in virulence for chick embryos after ten to 
fifteen passages through embryonated eggs. With the exception of the bovine 
strain, a marked increased virulence of these strains was noted for the guinea 
pig 
The penicillin blood agar plate-counting method was used to determine the 
number of viable bacilli inoculated at all times. Reproducible colony counts were 


consistently obtained by this method, 


SUMARIO 


idaptacién al Embrién 


Modificacién de la Virulencia del Mycobacterium Tuberculosis por - 
de Pollo 
Tres cepas del M. tuberculosis var. hominis y una cepa var. bovis revelaron notable au 


mento de su virulencia para los embriones de pollo después de diez a quince pases por 
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huevos embrionados. Exceptuada la cepa bovina, notése también notable aumento de la 
virulencia de Ce pas para el cobayo 

Usdése el método de la numeracion en placas de agar sangre penicilina para determinar 
el numero de bacilos viables inoculados en cada ocasién. Con este método se obtuvieron 


constantemente formulas reproducibles de las colonias presentes 


RESUME 


Modification de la virulence du Mycobacterium tuberculosis par lUadaptation dans l'oeu f féconde 


Trois souches de M. tuberculosis var. hominis et une souche de M. tuberculosis var. bovis 
ont montré un accroissement marqué de leur virulence pour l’embryon de poulet apres 10 a 
15 passages dans l'oeuf fécondé. A l'exception de la souche bovine, un accroissement mar 
qué de | virulence de ces souches pour le cobaye a été observé. La méthode de numé 
ration sur plaques pénicilline-sang-gélose a été utilisée pour dénombrer les bacilles vi 
ables inoculés 4 tout moment. Cette méthode a permis de reproduire constamment les 
numérations des colonies 
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ON THE PROBLEMS OF REINFECTION OF TUBERCULOSIS’ ° 


The Use of Streptomycin-Resistant Tubercle Bacilli as Labeled Cells 
for Reinoculation Experiments 


SHUNGO OSATO, HYOYE TSUKAWARA, ax» YUKIO ISAWA 
With the editorial assistance of Gerald bk. Muehsam* 
Reeeived for publication September 1, 1955 
INTRODUCTION 


The problem of reinoculated tubercle bacilli presents an important study in 
relation to human reinfection tuberculosis. In the Koch phenomenon (1) the 
site reinoculated with tubercle bacilli necrotizes in a few days, and the wound 
then localizes and heals, Large numbers of bacilli are lost with the necrotic tissue, 
but nothing is known about the tubercle bacilli which remain. 

Pottenger (2), after reviewing the literature (3-7), concluded that “an inflam 
matory process surrounds the bacilli, immediately destroying and detaining 
others, then preventing them from spreading.”’ This reasoning, however, is ar- 
rived at by analogy with other immunologic facts, and no experimental evidence 
exists tracing the fate of reinoculated tubercle bacilli in animal bodies. This 
problem has until recently presented serious experimental difficulties. Re- 
ports are available of coexisting infection due to human and bovine types of 
tubercle bacill (8). Other investigators have attempted to follow the fate 
of reinoculated tubercle bacilli by using different strains of organisms (12). 
However, none of the methods seems to have given satisfactory results 

The present study represents an attempt to observe whether streptomycin 
resistant tubercle bacilli (SMATB) may be used for this purpose. These organ 
isms are “tagged"’ by their reaction to streptomycin, and their fate can be fol- 
lowed, Since Youmans and Karlson and others (13-15) first demonstrated 
streptomycin-resistant tubercle bacilli, it has been shown that the strepto- 
mycin resistance of these organisms is permanent for many years both on culture 
media as well as in animal hosts. 

The purpose of the study is to determine (/) whether preliminary inoculation 
can provide adequate protection against reinfection; (2) what, if this protection 

' From the Central Laboratory of Fukushima Medical College, Fukushima, Japan 

* The outline of this paper was reported at the 1951-1953 annual meetings of the Japanese 


Association for Tuberculosis (22 


Che original manuscript submitted to the Review by Dr. Osato and his associates was 
extremely detailed, and it was necessary to condense and revise it to conform to Review 
style. Accordingly, at the request of Dr. Osato and his associates, the original manuseript 
was reorganized and condensed by Dr. Gerald Ik. Muehsam of the Veterans Administration 
Hospital hast Orange, New Jersey. Both the authors of the maniseript and the Editor of 
the Review wish to express their appreciation to Dr. Muehsam for his very considerable 
contribution to the publication of this report. The Edito 

' This problem has now been studied with the use of isotopically labeled BCG | 


amd by Rist (see Supplement to August, 1956, Review The Editor 
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can be provided, is the effect of the time interval between primary and secondary 
inoculation; and (3) the amount of reinoculated tubercle bacilli needed to over 


come the protective etlect 


MATERIAL AND METHODS 


Phe following strains of tubercle bacilli were used in the e\perimetts 
Streptomycin susceptible tubercle bacilli (SMSTR): The Frankfurt strain (F strain 


which was procured from the Research Institute for Tuberculosis and Le prosy, Sendai 


ind which has been shown to be susceptible to streptomycin concentrations of os 


stant tubercle bacilli Endo strain This strain was 
isolated by the writers in 1048 from a tuberculous patient (Endo, female, twenty four 
years of age) who had been treated with SO gm. of streptomycin. The strain is resistant 
Lo streptomyein concentrations greater than 1,000 5 per ml. of Dubos medium (16), and 
has been preserved in this laboratory for years without changing its resistance to 
treptomyecmn 
BCG: This material was also obtained from the Institute for Tubereulosi md 
Lepros 
Paraffinized dead tuberele bacilli of F strain prepared according to the method of 
Couland 17 
Guinea pigs weighing 500 to 350 gm. were used. Initial inoculations were performed on the 
inner side of one thigh; reinoculations were performed on the other thigh. In other cases the 
flanks were used alternately. The inoculation was ¢ arned out subcutaneously 
In Experiment 111 the following method of intrapulmonie inoculation was utilized. The 
sharp point of a 'g mm. caliber hypodermic needle was blunted and inserted into the lung 
parenchyma through the intact thoracic wall. A stylet of exactly the same length and in 
ternal diameter as the hypodermic needle was inserted through the latter, after having been 
immersed in a sUspension of tubercle bacilli. t pon the completion of this operation the 
atvlet was removed first, followed by the needle. In this fashion. tubercle bacilli were de 
posited in a local area measuring approximately 3 mm., without contaminating surrounding 
lung parenchyma or entering venous channels. Confirmatory experiments using solid agar 
medium instead of pulmonary parenchyma illustrated the effeetiveness of this method 
The culturing of tubercle bacilli from tissue was carried out as follows: a fixed amount of 
tissue Was ground up, treated with 4 per cent sulfurie acid, and inoculated on solid medium 
of phosphata ajinomoto egg of Oka-Katakura (1S) both with and without stre ptomyecin, The 
concentration of streptomycin in this medium was between zero and 200 per ml. In some 
instances cultures were done on Oka Katakura medium without streptomycin and the 
colonies were then tested by submerged growth in Dubos Tween” albumin liquid mediun 
16) with 1 to 1,000 » of streptomyein per ml 
In the ac ompanying t ibles the degree of bacterial growth has been indicated quantita 
tively in those instances in which it could be estimated, The signs t, 4 i+, and 
i+, respectively, refer to no growth, questionable growth, approximately 100) colonies 
ind growth oceupying approximately one third, two-thirds, and the entire slant of solid 
medium. In the case of Dubos liquid medium the plus signs refer respectively to no tur 
bidity, uncertain turbidity, and turbidity after two and four days, one week and two 
veeks 
ment 
/ (tables 1 and 2). Four groups of guinea pigs were inoculated with 0.001 to 0.05 mg. of 
streptomycin-susceptible t thbercle baeilh No 221, 227, and 224 were inoculated 
with material from the lung of a tuberculous rabbit as the initial inoculation After in 
tervals of one to eight months, 0.01 to 0.05 mg. of streptomycin resistant tubercle bacilli 
were remmoculated, The animals were sacrificed between thirty three and one hundred and 


ten da reinoculation. Animal No. 277 w sutopsied two da ifter reinoeulation 
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1/1 (tables 3 and 4). Five groups of guinea pigs were injeeted with different kinds of 
tuberculous material 

Group 1: First inoculation—F strain, 0.005 mg.; Group 2: BCG, 5.0 mg.; Group 3: dead 
F strain in paraffin, 5.0 mg. These first three groups were reinoculated with 0.001 mg. of 
lindo strann (SMAHTB 

Group 4: The same dose of Endo strain without preliminary inoculation 

Group 6: BCG alone 

111 (tables 5 and 6). Two groups of guinea pigs were utilized 

Group 1: Inoeulation of 0.01 mg. of streptomyecin-susceptible tubercle bacilli (F strain 
in the right thigh. Righty three days later, reinoculation with streptomycin resistant 
tubercle bacilli (endo strain) within the lung parenchyma 

Group 2: Intrapulmoniec inoculation of streptomycin-resistant tubercle bacilli (kendo 


strain) without preliminary inoculation 


KESULTS 


Experiment 1; In table | are shown the autopsy findings of the animals in this 
experiment in which the inoculation of streptomycin-susceptible tubercle bacilli 
preceded, by various periods, the inoculation with streptomycin-resistant 
tubercle bacilli. Some changes were observed in almost all of the animals at the 
site of the first and of the second inoculations. These consisted primarily of 
abscess formation or ulceration, or both. There was some regional lymph node 
involvement of a tuberculous nature. The mesenteric, retroperitoneal, hepatic, 
and mediastinal lymph nodes were involved to a variable extent. The liver, lung, 
and spleen also showed tuberculous changes. The degree of changes appeared to 
correspond largely to the time interval between inoculations. There was no cor- 
relation between numbers of reinoculated tubercle bacilli and anatomic changes. 

The results of cultures of tubercle bacilli from tissues obtained are shown in 
table 2. 

Group 1 was inoculated initially with 0.001 mg. of streptomycin-susceptible 
tubercle bacilli and reinoculated with 0.01 mg. of streptomycin-resistant tubercle 
bacilli. On streptomyecin-free medium, culture of almost all organs and lymph 
nodes for tubercle bacilli was positive in all 5 animals. In medium containing 
streptomycin, however, tubercle bacilli could be demonstrated only in the actual 
reinoculation site and in regional lymph nodes (left inguinal lymph nodes). The 
only exceptions to the latter case were in animals Nos. 35/ and 349 from which 
were demonstrated three colonies from the left axillary lymph node and four 
colonies from the spleen, respectively. Animal Vo. 349 also was autopsied one hun- 
dred and ten days after reinoculation. When larger numbers of bacilli were re- 
inoculated, as in Groups 2 to 4, there was more visceral involvement than in 
Group 1,in which a smaller number of bacilli were used, 

It may be concluded from this experiment that the initial inoculation resulted 
in enough immunity to prevent spread by reinoculated tubercle bacilli, although 
this was not completely true when large numbers were used. It may be mentioned 
here that it was repeatedly verified in preliminary experiments that no growth 
was found on streptomycin-containing medium if the animals had been inoculated 


solely with streptomycin-susceptible tubercle bacilli. 
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Experiment 11; The purpose of this experiment was to demonstrate the pro- 
tective action of BCG or paraffinized dead tubercle bacilli against subsequent 
moculation. The autopsy findings are demonstrated in table 3. The changes at 
the site of the first inoculation differed according to the type of material used. 
In Groups | and 4, in which virulent strains were used for the preliminary inocu- 
lation, the site usually showed abscess or ulcer formation. In Groups 2 and 5, 
which received BCG, the inoculation sites most commonly formed scar forma- 
tion. In Group 3, using paraffin-embedded dead tubercle bacilli, abscess forma- 
tion with small uleeration occurred at the site of the first inoculation. Almost all 
the animals of Groups /, 2, and 3 had abscess formation with or without ulceration 
at the site of the second inoculation, 

With respect to these autopsy findings, similar changes were observed in 
animals of Groups | and 4, both of which had received virulent tubercle bacilli 
at the time of first inoculation (Group /, the F strain (SMSTB) and Group 2, 
Kendo strain (SMRTB)). As can be seen from table 3, the changes in Group / are 
more extensive than in Group 4. It may be possible to attribute this, not to the 
difference in the susceptibility of tubercle bacilli to streptomycin, but to the 
time interval between the first inoculation and autopsy. Thus, Group / was 
allowed to survive six weeks longer after primary inoculation than Group 4 
Groups 2, 3, and 6 showed less extensive changes than Groups / and 4. 

These findings suggest that the changes in Groups / and 4 are due to the first 
rather than the second inoculation. 

In Group | (table 4), tubercle bacilli (SMSTB) inoculated at the primary in- 
jection were recovered from all organs, while bacilli introduced at reinoculation 
(SMA#TB) were confined to the site of reinoculation and draining lymph nodes. 
In Group 4, which received only streptomycin-resistant tubercle bacilli at the 
same time as reinoculation of the other groups was carried out, bacilli were ob 
tained from all organs on streptomycin-free as well as on streptomycin-containing 
media, It is natural that the streptomycin-resistant tubercle bacilli grow on both 
media. In Group 5, which received BCG strain alone, bacilli were recovered 
mostly from the site of inoculation and to a much less extent from regional lymph 
nodes, Only 2 animals of 6 demonstrated a few colonies in material taken from 
the spleen and the left axillary lymph nodes, respectively. BCG at the site of 
inoculation decreased rapidly and, in animal No. 377, no bacilli were detectable 
forty-nine days after inoculation. In Group 2, which was inoculated initially 
with BCG and subsequently with streptomycin-resistant tubercle bacilli, it may 
be seen that the latter bacilli (SMARTB) were confined mainly to the site of re- 
inoculation and draining lymph nodes, In a few animals, however, after a lapse 
of four weeks or more following reinoculation, bacilli could be recovered from 
spleen, lung, and mesenteric lymph nodes, If this group is compared with Group 
/ and Group 4, it may be seen that the protecting power of BCG given at the 
primary inoculation was much weaker than it was with the virulent strain. The 
results in Group 3 showed that the paraffinized dead F strain of tubercle bacilli 
was also able to produce immunity against the inoculation of virulent tubercle 
bacilli but was still weaker than BCG 
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Experiment 111: contrast to Experiments and remoculation this 
group was made directly into the lung parenchyma with the method deseribed 
above. The autopsy findings are demonstrated in table 5. In Group 2, the Ende 
strain (SMRTB) alone was inoculated into the right lung on the same day as 
remoculation of Group 1. The number of lesions at the site of moculation in the 
right lung in this group was rather small. The left lung also had oevcasional le 
sions. All animals developed extensive changes in the spleen after a lapse of more 
than nineteen days. The same applied to the liver after eighty-four and ninety 
days. Swelling of the lymph nodes was not remarkable except in the mediastinal 
areas. The lesions in Group 1, which had received preliminary subcutaneous in 
oculation eighty-three days before intrapulmonie injection, were mud h more 
intensive than those jin (rroup 2. The w idespread distribution of lesions in this 
group Was probably due to the long interval between the first inoculation and 
autopsy. The lesions at the sites of the first inoculation and the draining }y mph 
nodes were similar to those observed in Experiment I. The iIntrapulmonic re 
inoculation site showed more restricted changes than those ol Group 4 

The bacteriologic findings in this group are summarized in table 6. [ny Group 1, 
bacilli were recovered from all organs and lymph nodes on streptomycin-free 
medium in abundant quantities, while the streptomycin-containing medium grew 
only a few colonies However, if one compares this group with Group I of Ky 
periment 11, in which the animals received hypodermic subcutaneous injections. 
both for preliminary inoculations and reinoculations, the growth of bacilli from 
the viscera of this group is much more extensive on streptomycin-containing 
medium, In Group 2, culture on streptomycin containing medium in some 
animals was unsuccessful, 

It may be concluded from this experiment that the subcutaneous preliminary 
inoculation of virulent tubercle bacilli can impair the dissemination of organisms 
inoculated into the lung parenchyma. However, this defense is much weaker 
than that set Up against subcutaneous reinoculation 


DISCUSSION 


The question under study was whether streptomycin-resistant tubercle bacilli 
are suited for use in the study of reinfection tuberculosis, It is generally accepted 
that streptomycin-resistant tubercle bacilli represent a mutation product selected 
by the drug. As shown above, streptomycin-resistant tubercle bacilli can readily 
be differentiated from streptomycin-susceptible tubercle bacilli, which grow only 
on streptomycin-free media, whereas the former can be obsery ed on streptomycin 
containing media 

It has recently been suggested that radioactive material may be useful for 
labeling tubercle bacilli This appears to be an Inadequate method for an experi 
ment such as this because of the duration of the half-life of the isotope as well as 
its increased dilution with bacillary multiplication 

The classic experiments of Koch (1). Hamburger 19), and Romer (20) demon 
strated that initial inoculation with tubercle bacilli resulted in dissemination of 
the entire body in a comparatively short time. Krause (3). W lis (4), Lurie (10 


and Dahl (12) confirmed these observations by the use of culture methods 


‘ 
a 
4 


+t £ th +t ce oot aw 100 


+t - +e +t 1z Ju gg peep peppeq 
re t I el +t I re tt +t tl We- 
t +I +z +z re Te, H9t 


sl re I Ol Te +t ct 


t +c +1 t I +¢ ++ cor 10 


| +€ ¢ +2 ZI go¢ | ‘HOW: 
> 
9 +{ Ol +t 19 I cs 
| +2 0S OF +2 +2 +E +2) +2 +2 +2 
= +z Gf FI ol +¢ ¢ ce Ju 
+¢ +e ag +e +2) +2 +f +2 xz uresys opuy 
+z 2 | 1S | +8 OF} IL | +e +2) Bur COO 
+¢ 9 OF s +8 2 HE I 
= 3 ws FS SS FSB Fe Se > 3 Vai 23 fs ifs FS 
4 ze > 27s Zé > =2 


20 


in 
hie 
a 
at | 
] 


L 


REINFECTION 


ou sw ye 


‘ 


JUST it] 
aid ou) opuy 

t 


==... ——— 
on ae 
aj 
inn 
4 
- 
= 
++ + + + 4 
Iino 
= 
= 
wy 4+ 4 
“Siz ~ 
on 
+ + + + + 
Nr fat 
= 
at 


+7. > > +$ t +¢ + + > + + a ore (et moo 


+72 +§ +t +4742 ae BAOS 22 ww wo alt 
+z +7. + + +¢ +2 +72. +7. +7. u uBIpul oe wat cu wo sit 
qe 
Ses 
= yt put 
< - - 2 
+ |+¢ oe +e +2 qe uveqg- ONE OFC FE su wo Lett 
= 
+ + + +¢ +t4+z-+ + + + UBAG-BAOS ONE ace él mu 
vou 
= MIO] put 
ut 
L 
2 32428 & i" $= 
- 


MNONT id VULN] OL OS SOL NI SONTANIG Ill 


¢ 


> 
270 
Z 
= 
i 
« 
- & 
ae... 


L 
= 


KEINFROTION 


tyra 
pom ao] 
pam ayo] 
MIO] 


inoculate 


miu 


= 
44 
+ +4 4 4 
> ee 
- 
ag 
‘ pa 
= 
= 
= 
ew 
- 
= 
as 
= 
= = x = = = x; = = r =x x = va 
= = = = = = x, = x x = — = = 7 = = * 
= 
= 
on = 
= 
| lntreapulmonte On ca 70 tubercle baci 
= = 
= = bs 
: 
Be 
; 


M 


per 


1a 


reptomycin-Containing Medium 


St 


or 


n-Free Medium 


TABLE 
Resvuits or CuLTURES 


™ rept 


Exrerment Ill 


OSATO, 


ut tH 


sapon 


uaa 


wingtip, 


Aseuous 


spo. 


| 


wn 


uy 


sapag 
Aq speunuy jo Gor 


Groups 


+ 


411 


» 


5 


413 
4) 


subcutaneous 


First inoculation 
Frankfurt strain, 


TSUKAWARA, 


oc 


+ 


2% 


100 


10 


44 


15 
16 7 


416 
4) 
42s 


En 
intra 
ally no 


streptomycin -re 


streptomycin sus 
ceptible 
Reinoculation 
pulmonicall) 
sistant 
Endo strain, 
pulmon 
prelimin 
ment 


+ 


i+ 


+ 


or 
~ 


100 


4+ 


-- 


Ho 


63 


436 


+ 


as 


43S 
4 


272 
ale AND ISAWA 
od = = = 
a 
Gee += 
= 7 
7 
oe 
Ts 
- 
pas. 


REINFECTION TUBERCULOSIS 
The present experiments showed similar results. On subcutaneous inoculation 
of virulent tubercle bacilli (both streptomycin-susceptible and streptomycin 
resistant), lesions developed in various organs fourteen days after exposure 
Twenty-two days after inoculation, tubercle bacilli could be isolated from all 
organs. When the intrapulmonic route was utilized, cultures taken from animals 
within thirteen days demonstrated abundant growth, In the case of primary 
BCG inoculation, the situation differed in that the organisms were limited to the 
inoculation site and regional lymph nodes for a much longer period of time. Only 
occasional colonies were recovered from the spleen and distant lymph nodes, 

It is generally accepted that primary infection of tuberculosis confirms im- 
munity. Koch, Hamburger, Rémer, and Calmette and Guérin (21) demonstrated 
this observation; and Boquet and Valtis, as well as Lurie, confirmed these find 
ings using tubercle bacilli, both of human and bovine origin. Lurie (10) quoted 
Selter, Kalbfleisch, and Hedval as suggesting that reinoculated tubercle bacilli 
remain for a long period of time at the site of reinoculation. In his experiment, 
Lurie performed intravenous reinoculation on rabbits and stated that, “In the 
presence of sufficient immunity, such as occurs with the persistence of extensive 
primary lesions, the bacilli of reinfection may be completely destroyed . . . .”’ 
The results of his experiments seem to vary with the species of animals and 
virulence of bacilli used. 

It is well known that human tubercle bacilli are less virulent for rabbits, and 
bovine types are highly virulent. Boquet and Valtis, Lurie, Boquet and Laporte, 
and Dahl, employing bacilli of the human and bovine varieties, used different 
types of bacilli for primary and secondary inoculation. By this method they 
attempted to differentiate the types of organisms found, This method, however, 
appears to have been impractical, and the present experiments are more con 
vincing. Virulent human tubercle bacilli (streptomycin-resistant), when reinocu 
lated subcutaneously into the tuberculous animal, remain for a long time at the 
site of reinfection and regional lymph nodes. In this regard they somewhat re- 
semble less virulent organisms, such as BCG, when these are inoculated for the 
first time. However, if the same strain of bacilli is used in high doses, it passes 
through the barrier of immunity and becomes disseminated throughout the body. 

With regard to the fate of reinoculated organisms when introduced subcuta 
neously, they are arrested at the inoculation site and regional lymph nodes, al 
though they disseminate readily if introduced into the lungs. It may be stated 
parenthetically that many fewer organisms were introduced intrapulmonically 
than subcutaneously and that the use of pressure was avoided so as not to force 
bacilli into venous channels. The technical factor appears to be not without 
practical significance if one thinks of the natural mode of infection of tuberculosis, 

Incidentally, it must be added that a virulent strain of tubercle bacilli is neces 
sary at the time of primary infection to develop adequate immunity against a 
high dose of reinoculated virulent bacilli. BCG and paraffin-embedded dead 
bacilli of a virulent strain, although capable of creating immunity, are not nearly 

as effective in this regard as virulent organisms. In these cases subcutaneously 
reinoculated virulent organisms sometimes pass through the barrier of the rein- 
oculation site and the draining lymph nodes 
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SUMMARY 


Streptomycin-resistant tubercle bacilli may be used as labeled organisms in 
experiments on reinfection tuberculosis. The use of these streptomycin-resistant 
tubercle bacilli is based on the ability to differentiate streptomycin-susceptible 
and streptomycin-resistant organisms on culture media, The streptomycin- 
susceptible organisms grow only on culture media free of streptomycin, whereas 
resistant organisms are able to grow on drug-free medium as well as on me 
dium containing streptomycin. 

If initial inoculation with virulent tubercle bacilli is performed, subcutane- 
ously reinoculated organisms are arrested at the site of reinoculation and draining 
lymph nodes. Only in cases of very large doses of reinoculated bacilli is it possible 
to demonstrate organisms in distant organs. 

The BCG strain and paraffin-embedded dead tubercle bacilli of a virulent 
strain, although they produce similar immunity, do so to much less an extent 
than virulent organisms. 

When reinoculation takes place in the lungs, the bacilli are disseminated 
throughout the body, even though much smaller doses are used. 


SUMARIO 


De low Problemas de la he infeccion en la Tubherculoaia. Cabe Usar loa Baciloa T uhberculosos 


Katre ptomu inorreasiatentes Como Bac tloa tuladoa en loa Erpe rimentos de inoculacion’ 


Cabe usar bacilos tuberculosos estreptomicinorresistentes como microbios rotulados en 
experimentos relativos a la tuberculosis de reinfeecién. 1 uso de estos bacilos estreptomici 
norresistentes se basa en la capacidad para diferenciar microbios estreptomicinosusceptibles 
vy estreptomicinorresistentes en medios de cultivo. Los susceptibles no proliferan més 
que en medios sin estreptomicina, en tanto que los resistentes pueden proliferar tanto en 
los medios exentos como en los que contienen estreptomicina 

Si se ejecuta la inoculacién inicial con bacilos tubereulosos virulentos, los microbios 
reinoculados subeutdneamente son detenidos en el sitio de la reinoeulacién y los ganglhios 
linfAticos de drenaje. Sélo tratandose de dosis muy grandes de bacilos reinoculados es posible 
descubrir microorganismos en 6rganos remotos 

La cepa BCG y bacilos tuberculosos muertos fijados en parafina de una cepa virulenta, 
aunque producen inmunidad semejante, lo hacen en proporeién mucho meno que los micro 
bios virulentos 

Cuando la reinoeulacion tiene lugar en los pulmones, los bacilos se diseminan por todo el 


cuerpo, aun usando dosis mucho més pequefias 


RESUME 


propos the» p oblémes de la réinfection en tuberculose le hacille tuberculeusz streplomye mo 


réaiatant peut-al étre uliliaé comme bacille marque dana le sexpert de réinoculation? 


Les bacilles tuberculeux streptomycino-résistants peuvent étre utilisés comme germes 
marqués dans l'expérimentation de la tubereulose de réinfection. L’usage de ces bacilles 
tuberculeux streptomycino résistants est fondé sur la possibilité de distinguer les germes 
streptomyecino sensibles des germes streptomycino-résistants dans les milieux de culture 
Les germes streptomycino sensibles poussent seulement sur les milieux dépourvus de strep 
tomycine tandis que les germes résistants peuvent pousser A la fois sur les milieux renfer 
mant ou non de la streptomyecine 

Si inoculation initiale ext effeetuée avee des bacilles tuberculeux virulents, les germes 
réinoculés dans le derme sont arrétés au point de réinoeulation et dans les ganglions lympha 


tiques dépendant de ce territoire. Ce n'est que dans les eas oft les doses de bacilles réinoculés 
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sont trés élevées qu'il est possible de démontrer la présence du germe dans les organes 
éloignés 

La souche BCG et les bacilles tuberculeux tués d’une souche virulente introduits dans la 
paraffine, bien que produisant un effet d'immunité similaire ne le produisent pas A un degre 
tussi élevé que les germes virulents 

Quand le réinoculation s'effeetue dans les poumons, les bacilles sont dissémineés dans tout 


Vorganisme, méme quand des doses plus faibles sont utilisées 
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INTRODUCTION 


In 1890, Robert Koch described the reaction now known as the Koch phenomenon 
Since then, tuberculin has been widely used for the diagnosis and treatment of all types 
of tuberculosis, although Virchow has pointed out that tuberculosis may be disseminated 
by its use. With the advent of antituberculous chemotherapy, a new era, in which tuber 
culin is given in conjunction with these drugs, has begun. A review of the literature 
reveals such treatment in pulmonary tuberculosis (1), tuberculosis of bones and joints 
(2), and in tuberculous meningitis. Because of the drugs, the prognosis of tuberculous 
meningitis has improved considerably. However, there are still many fatal cases and 
survival cases with residual neurologic abnormalities 

The outcome of the treatment of tuberculous meningitis is influenced by several 
factors, such as age, race, other foci of disease, promptness in starting treatment, and 
particularly the pathologic characteristics of the disease. 

The necropsy findings constantly show thick exudate in which acid-fast bacilli are 
embedded, surrounding the nervous tissue or blocking the subarachnoid space (3). Many 
attempts have been made to prevent the formation of exudate or to dissolve it when 
present. Such measures as the use of corticotropin and cortisone have been reported by 
several writers and have lately been reviewed by Johnson (4). The results were encourag 
ing. The use of intrathecal streptokinase for the same purpose has not been 
promising (5). 

The first published report on the use of intrathecal tuberculin in conjunction with 
streptomycin was made from England in 1950 by Smith and Vollum (3). They noted a 
very dramatic response in patients with advanced cerebrospinal block and severe neuro 
logic damage, and believed this action to be specific because it appeared only in sensitized 
subjects. It was postulated that the acute inflammatory reaction as provoked by tuber 
culin activated a fibrinolytic process and brought the chemotherapeutic agents into 
contact with the site of the infection. On the other hand, Fletcher (6) showed through 
clinical, pathologic, and experimental evidence that intrathecal tuberculin, instead of 
causing any lysis of exudate, might actually contribute to its formation 

Swithinbank (7) concludes that the disturbance which follows the intrathecal injection 
of tuberculin is an antibody-antigen reaction. In order to provoke a meningeal reaction, 
purified protein derivative (PPD) must be delivered into the subarachnoid space. No 
meningeal reaction accompanies the clinical disturbance which follows the systemic 
administration of tuberculin 

Other reports by European writers appear in the literature (8, 9). Thus far, none 
has appeared in the United States. The largest series is that of Smith and associates, 
who in 1953 (10) collected thirty-seven cases treated with streptomycin and intrathecal 
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tuberculin. The survival rate was signifi antly higher than in a similar series of inter 
mediate and late cases tre ated with streptomycin alone 


CASE REPORT 

1), H.. thirty nine years old, a white female, was admitted to the Boston Sanatorium 
for the second time on July S 1055. Her illness dates back to 19 when she first developed 
sknexs of the legs which made walking impossible. While treated as an outpatient 
toms cleared in four weeks She felt well for more than 
Hospital on August 18, 1955 with complaints 


gradual we 
in two general hospitals, her symy 
but was admitted to Boston City 
cough of several months’ duration \ diagnosis 


basis of 


three years 


of anorexia, we ight nonproduc tive 


tuberculosis with probable meningeal involvements was made on the 


of muliar 
the following findings 
There was a positive family history for pulmonary tuberculosis. A roentgenogram 


of the chest showed mottled densities throughout both lung fields. Three sputum 
ft posterior cervical node showed 


smears were positive for acid fast bacilli Biopsy of ale 
The electro 


puncture was not diagnostic 
Neurolog consultation supported the 
bellar tuber 


wid fast bacilli on microscopy. Lumbar 


encephalogram showed borderline T waves 

impression that the patient had tuberculous meningitis with a right cere 
culoma 

The patient was st urted on daily streptomyem 

the first week and 400 mg thereafter 

same regimen for three 


gm.; para aminosalieylie acid (PAS 

12 gm.; and isoniazid, 400 ming She was transferred 
August 26, 1953, and was continued on the 
ed to 1 gm. twice a week 

While in this hospital, the patient had two convulsive seizures, thirty and forty days 
treated symptomatically with diphenylhydantotm (Dilantin” 
consistent with a moderate regres 


to this institution on 
which time streptomycin was reduc 


weeks 
after vimission She was 


phenobarbit il. Clinically 
the infiltration on serial chest filmes 


there was improvement 
son of The patient left the hospital against medical 
advice seven months after mimission 

the following fifteen month interval at home 
admission to this hospital, the patient gave : 
weight loss of 20 pounds, episodes of 


During neither follow-up observations 
nor treatment were ¢ out. re history 


of two months’ progressive weakness loss of appetite, 


chille and night sweats She denied neurologic symptoms 
the pulse 120 per minute her weight 92 pounds und her blood pressure 9) systolic 
Physical examination was within normal limits Admission films 


and small cavities in both | 
but positive for tubercle bacilli 


The temperature was 101°F 
di 


wstolic in mm. of mereury 
ungs, especially in the upper 


showed d infiltration 
on microscopy 


lobes. All sputum specimens were negative 
on culture after eight weeks 
started on dihydrostreptomyecn 1 um. twice a week PAS (12 gm 


The p stient wae 


0 mg. daily). Ten days later two hours 


she had two convulsive seizures 
preceded by sensations tn the abdomen and relieved by sodium phenobarbital The 
seizure with clonic convulsions on the right. There was no 
The patient also complained of right 


and isoniazid 
apart 
following day she had a similar 
loss of tongue biting, or incontinence 


sided numbness, especially over the leg 
was undisturbed and the pupils and ocular 


reaction to pain pressure heat and 
right arm 


She was alert but nervous. Her sensorium 


No nystagmus was present. Sensory 


fundi were normal 
There was musele weakness of the 


cold, and deep sensitivity also were normal 
as compared with the left The finger to-nose and heel-to-knee tests were positive on the 
The deep tendon reflexes were normal 
On July 20 and 30 
The cerebrospinal fluid was clear 


right stele The patient Was started on dipheny! 
100 mg. three times daily she had two seizures Lumbar 
puneture on August 3 reve led a pressure of 120 mm 
The protein was 21 mg. per 100 ml. There were 12 cells per eu. mm 


hydantom 


predominantly ly 


cytes 
On August 14, thirty «ix days after admission, the patient had a <eventh convulsive 
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seizure. She attributed the convulsions to the antimicrobial drugs and discontinued tsonta 
zid and PAS for approximately one week. Another lumbar puncture on August 22 showed 
no evidence of block, and the cerebrospinal fluid was clear. There were 22 cells per eu. mm 
05 lymphocytes; the chlorides were 763 mg. per 100 ml.; sugar, 52 mg. per 100 ml; protein 
1S mg. per 100 ml. The colloidal gold reaction curve was 1112211000. On September 2, dihy 
drostreptomycin was increased to 1 gm. daily, isoniazid to 400 mg. daily, and phenobarbital 
(30 mg. three times daily) was added. Skull plates were reported normal. An clectro-en 


cephalogram on September 16 showed a diffusely abnormal pattern, due to symmetneal 


slowing in the theta range. About this time the patient began to complain of profuse night 
sweats 

On September 21 (seventy four days after admission the patient’. general condition 
deteriorated She developed nausea and projectile vomiting wccompanied headache 
blurred vision, diplopia, and vertigo. She also beeame confused and disorented, The 
neurologic findings were characterized by horizontal nystagmus and marked increase of 
all deep tendon reflexes. Lumbar puncture on September 26 reve led a \santhochromi 
cerebrospinal fluid obtained by aspiration. The Queckenstedt test was positive The Pandy 
test was also positive. There were 6 cells per cu. mm., mostly lymphocytes. The smears 
contained tubercle bacilli and were confirmed by culture. Iproniazid phosphate (Marsilid” 
600 mg. daily, was given instead of isoniazid. Hydrocortisone, 100 mg. in dextrose solution 
was administered intravenously on September 27 and was repeated daily for three days. A 
very short period of clinical improvement followed, when the patient did not vomit, but 
still complained of dizziness, numbness of the left foot, and blurring of vision, On October 
1 and 2, the patient received 75 mg. of hydrocortisone intravenously, but her condition 
continued to deteriorate. She was semicomatose, there was bilateral Babinski, and the 


abdominal reflexes were absent 


Tuberculin Therapy 


On October 3, lumbar puncture again yielded a positive Quec kenstedt test and cloudy 
fluid negative for acid-fast bacilli Intrathecal PPD, 0.00875 mg., was now started. The 
same day the patient was given cortisone, SO mg. perorally. The following morning her 
temperature rose to 101°F. She was much more alert (able to respond to questioning and 
complaining of headache). Her fluid intake improved, and intravenous fluids were discon 
tinued. The cerebrospinal fluid this time flowed spontaneously was much clearer, and the 
Queckenstedt test became negative There was a cell count of 422 per cu. mm., with 72 per 
cent granulocytes and 28 per cent lymphocytes. The protein was 63 mg. per 100 mil; the 
sugar, 85 mg. per 100 ml.; and the chlorides, 621 mg. per 100 ml. The same dose of PPI) was 
given but the cortisone was reduced to 70 mg. daily. The temperature dropped to 9'l 
on October 5. The third dose of PPD was increased to 0.005 mg. and was not followed b 
fever. The cortisone was now reduced to 3) mg. in twenty four hours, On October 7, the 
same dose of PPD was administered, without fever or other reaction, The sixth and seventh 
doses of PPD. therefore, were increased to 0.01125 mg. and were followed by moderate 
fever. Cortisone was reduced to 40 mg. on October 9, to 30 mg. on October I, to 15 meg 
on October 18, to 10 mg. on October 28, and was entirely omitted on October 31. The ipro 
niazid had been reduced to 400 mg. daily on October 1S. Drug suseeptibilit tudies mn 
September revealed the tubercle bacilli in the sputum to be resistant to streptomycin 
tlone, but susceptible to isoniazid and to isoniazid in combination with stre plomyen 

Slight jaundice of the skin and conjunetivae were noticed for three weeks in Oetober 
Blood studies showed hypochromie and microcytic anemia, with a hemoglobin of 5.5 mg 
per 100 ml. The urine was negative for bile. The bromsulphalein test showed 4 per cent 
retention after forty-five minutes. The erythrocyte fragility test was 0.28 per cent, After 
treatment, blood examination revealed a hemoglobin of 12 mg. per 100 ml 

Lumbar puncture on October 21 showed an initial pressure of SO mm ster; the 


cerebrospinal fluid was clear with 5 cells per eu. mm. mostly lymphocytes, protein 
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was 120 mg.; sugar, 75 mg.; chlorides, 638 mg. per 100 ml. Smear and culture were negative 
for tubercle bacilli. The patient showed slow but steady clinical improvement She had had a 
period of euphoria and enormous appetite, but was symptom free with no neurologic find 
ings. She has gained thirty pounds and is ambulatory. On November 29, her cerebrospinal 
fluid was clear with an initial pressure of 100 mm. of water. The Queckenstedt test was 
negative. The protein was 35 mg. per 100 ml.; sugar, 94 mg. per 100 ml; and the chlorides, 
710 mg. per 100 ml. Her chest film showed slight regression of the infiltration in both lung 
fields. Iproniazid was discontinued on November 29, and isoniazid, 400 mg. daily, was 
reinstituted Streptomycin PAS, phenobarbital and poly vitamins are being continued 


figure 1) 


COMMENT 


This patient was receiving routine therapy for pulmonary tuberculosis when she 
developed signs and symptoms of involvement of the central nervous system. Neurologic 
studies suggested tuberculoma of the left precentral area and the right cerebellar hemi 
sphere with tuberculous meningitis. Despite intensification of her chemotherapy, the 
patient suddenly revealed evidence of more definite meningeal involvement, suggesting 
rupture of a tuberculoma into the meninges. At this time, and only then, the cerebro 
spinal fluid became positive for tubercle bacilli, and a cerebrospinal block became evident 

The encouraging response of patients with tuberculous meningitis and cerebrospinal 
block to corticotropin and corticosteroids in the hands of several investigators prompted 
the use of such an agent. When the patient got worse after six days on this therapy, how 
ever, intrathecal tuberculin was contemplated Since, with respect to inflammation, the 
action of the corticosteroids was considered to be antagonistic to the action of tuberculin, 
it was decided to reduce the dose of hydrocortisone before the start of intrathecal tubes 
culin therapy. Because sudden withdrawal of cortisone might bring about adrenal in 
sufficiency in the presence of stress, cortisone in decreasing doses was administered for 
four weeks and was then omitted 

When tuberculoprotein was first administered, there was definite evidence of cerebro 
spinal block. Puncture on the following day revealed no block; the fluid was cloudy with 
a high cell content. Never again was there evidence of block. There was also dramatic 


improvement of the patient’s general clinical condition The fever peaks were coincident 


with the increasing doses of tuberculin. At no time were there any signs of intracranial 
hypertension, a usual and sometimes dangerous complication of this therapy (3). After 
the seventh dose, the use of tuberculin was obviously justified. It accomplished its purpose 
on the basis of the clinical improvement and removal of the cerebrospinal block Iproniazid 
was substituted for isoniazid because of the rapid deterioration of the patient’s condition, 
and the latter drug was reinstituted because of the development of a marked euphoria 

This case illustrates that no routine schedule can be applied to the treatment of tuber 
culous meningitis. Thus far the follow-up is too short to permit definite conclusions, 
However, the results in the present case, together with reports from the literature, would 
indicate that intrathecal tuberculin has a place when conventional antituberculous 
chemotherapy appears to be failing or when there is evidence of cerebrospinal block or 
severe neurologic damage. 

The danger of the use of tuberculin is quite evident, and the utmost caution must be 
observed. The regimen suggested by Smith and her group (3), in which the dosage is 
regulated according to the intradermal tuberculin test, is the safest to follow. Initially 
0.1 ml. of Old Tubereulin, 1:1,000, is injected intradermally. PPD solution containing 
0.0075 mg. per ml. is further diluted tenfold, a hundredfold, and eventually a thousand 
fold. If the skin test to tuberculin is 3-plus, 0.5 ml. of the thousandfold dilution is injected 
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intrathecally. The amount is doubled every other day according to reaction. If the skin 
test is I-plus, | mil. of the thousandfold dilution is injected. All doses are tripled or quad 
rupled according to reaction 

It is impossible to determine on the basis of this case whether cortisone had any influ 
ence upon the dramatic response of the patient or the favorable « nd result. At any rate 
there is no reason to believe that cortisone was responsible for the removal of the cerebro 
spinal block. The restoration of normal cerebrospinal dynamics must bh attributed to 


the tuberculin therapy 


SUMMARY 


The use of intrathecal tuberculin in tuberculous meningitis is described. Reference is 
made to the implication of the pathologic characteristics of this disease. A case is reported 
which illustrates the beneficial results of intrathecal tuberculin in the presence of cerebro 


spinal bloek 


SUMARIO 


seontacion 


kl Uae de la T whe en el Tratamiento de la We ningilia T uberculosa on Pre 


de “un (‘ase 


Deseribese el uso intratecal de la tubereulina en la meningitis tuberculosa. Se meneiona 
la connotacion de las caracteristicas patoldégicas de esta doleneia Disetitese con minucio 
sidad una historia cliniea que ilustra los resultados beneficiosos de la tubereulina por via 


teeal cuando existe bloqueo raquideo 


KhsU ME 


l sage de la tubere uline dana le traitement de la méningite tuberculeuse. Observation dun cas 


L’article déerit Vemploi de la tuberculine intrathéeale dans la méningite tubert uleuse 

Les implications des caractéristiques pathologiques de cette affection sont mentionnées 

L.’observation d’un eas illustrant les résultats favorables de la tuberculine int rather ile en 

présence d’un bloeage du liquide céphalo rachidien est commentée en détat! 
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Notes 


THE USE OF ZEPHIRAN' IN THE ISOLATION OF M. TUBERCULOSIS 


\ very large number of different media has been developed in an effort to achieve 
growth of Mycobacterium tuberculosis from the smallest number of viable organisms. 
Because of the relatively long time required for M. tuberculosis to grow into recognizable 
colonies, contamination has been a major problem. Abbott,? estimated that only two-thirds 
of the possible infectious cases in the field are detected by commonly used diagnostic 
methods. Control of contamination in these procedures has depended upon the bac 
tericidal action of the sputum digestant coupled with the bacteriostatic action of the cul 
ture media 

Abbott,’ incorporated penicillin in the digestive process, and Smith and associates* 
and Roberts and co-workers* employed penicillin in the culture media to reduce con 
tamination. Freedlander,* Drea,’ Smith and associates," and Hirsch® have observed that 
tubercle bacilli are readily susceptible to the bacteriostatic action of Zephiran, but are 
remarkably resistant to its bactericidal action. The results of the present investigation 
show that Zephiran, when incorporated with trisodium phosphate as a digestant, will, 
under field conditions, significantly reduce contamination as wel) as increase the number 


of positive isolations as compared with standard procedures 


Petragnani medium as modified by Frobisher” was employed in all culture studies 
Sputum specimens were digested either by the sodium hydroxide-hydrochloric acid pro 
cedure of Petroff" or by the trisodium phosphate concentration method of Corper and 
Stoner.'? Growth on solid medium was determined by visual observation and was recorded 
in plus values using a control as 4-plus and comparing growth on experimental tubes with 
that of the control 


Bactericidal effect of Zephiran: To determine the viability of Mycobacterium tuberculosis 
var. hominis in Zephiran, cells from a stock culture of a virulent organism were suspended 
in 5 ml. of a 1:1,000 dilution of Zephiran. After four hours, a loopful of the suspension 
was cultured on Petragnani medium. To determine if the “carry-over” of Zephiran was 
inhibitory, the remainder of the suspension was centrifuged at 1,800 to 2,000 r.p.m. for 
thirty minutes. The supernatant was discarded and 5 ml. of saline were added. After re- 
suspending the bacilli, a loopful was inoculated on another Petragnani slant. Following 


this washing, the organisms were re-centrifuged and the sediment was re-suspended in 5 


' Zephiran is the proprietary name of a mixture of high molecular, alkyv!-dimethy!-benzyl 
ammonium chlorides manufactured by Winthrop-Stearns, Ine 

* Annorr, J. N.: Am. J. Pub. Health, 1950, 40, 833 

*Annorr, J. N.: Am. J. Pub. Health, 1951, 4/, 287 

‘Sarru, J. W., ef al.: Proce. Soe, Exper. Biol. & Med., 1949, 70, 589 

* Roperts, G. b., ef al.: Am. Rev. Tubere., 1950, 61, 563 

* Preeptanven, B. L.: Proe. Soe. Exper. Biol. & Med., 1940, 44, 51. 

’ Drea, W. F.: J. Baet., 1944, 48, 547 

C. et al.: Pub. Health Rep., 1950, 65, 1588 

* Hinsen, J. G.: Am. Rev. Tubere., 1954, 70, 312 

‘© Fropisuen, M., Jn.: Fundamentals of Bacteriology, ed. 3, W. B. Saunders Co., Phil 
adelphia, 1046 

Pernorr, 8. A.: Bull, Johns Hopkins Hosp., 1915, 27, 276 
Conren, H. J., anv Sronen, R. E.: J. Lab. & Clin. Med., 1946, 3/1, 1364 
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NOTES 


TABLE 1 


Viasiuiry or M. Tousercutosis Susrenpep in 


Time Expeosur » 121,000 Zephirar TOV » Saline Rinse Growth (One Sa 


Saline control 
hours 
1 day 

days 
days 
days 
days 
days 

7 days 

days 

9 days 
10 days 
days 


ml. of a 1:1,000 solution of Zephiran. This process was repeated at twenty-four-hour 
intervals for eleven days 

Examination of table | shows that the cells were still viable after being in contact with 
Zephiran for eleven days. It should be noted, also, that the carry-over of Zephiran did 
not significantly inhibit the growth on Petragnani medium 

Bactericidal effect of Zephiran in the presence of trisodium phosphate: Trisodium phos 
phate is one of the common sputum digestants used in the clinical laboratory. If Ze phiran 
proved nontoxic for tubercle bacilli when incorporated with the digestant, it might prove 


useful in further reducing contamination 


Two series of ten tubes containing 10 per cent trisodium phosphate and dilutions of 
Zephiran ranging from 1:250 to 1:32,000 were set up. The control tube contained only saline 
The same stock strain of VW. tuberculosis used in the previous experiment was inoculated 
into each of the ten tubes of both series, and allowed to stand two hours at room tempera 
ture. One series of tubes was neutralized with hydrochloric acid, using brom thymol blue 
as an indicator. The other series was not neutralized. All tubes were centrifuged for thirt 
minutes at 2,000 r.p.m. and the sediment was suspended in saline and re-centrifuged. One 
loopful of sediment from each tube was streaked on a tube of Petragnani medium and 


incubated at 37.5°C 


Zephiran in concentrations from 1:250 to 1:32,000 in combination with trisodium 


phosphate did not prove bactericidal to M. tuberculosis var. hominis after two hours’ 
exposure 


Comparison of trisodium phos phate Ze phiran digestion with the sodium hydroride method 
on the vialility of H37R Phe serapings from an entire slant of H37Rv, grown on Petrag 
nani medium, was emulsified in 50 ml. of sterile saline. Four rows of sterile screw -capped 
tubes were set up. Tubes in the first row contained 1.0 ml. of 4 per cent sodium hydroxide 
plus one drop of brom thymol blue, 0.5 ml. of sterile saline, and 0.5 ml. of bacterial suspen 
sion per tube. kach tube in the second and third rows contained 1.0 ml. of 10 per cent 
trisodium phosphate, 0.5 ml. of sterile saline, 0.5 ml. of bacterial suspension, and sufficient 


Zephiran to give a final concentration of 1:1,000. Rach tube in the third row was centrifuged 


‘Obtained from the Department of Bacteriology, University of Nebraska 
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NOTES 


TABLE 2 


Comparison or Digestion Metriops on or M. Tusercuiosts 


tact Time Hy r hate Zephira hate Zephira Saline Cor 
Unwashed Cine Wash 
hour t+ 1+ i+ 
2 hours 1+ 
hours 1+ t+ 1+ 
hours t+ 1+ i+ 1+ 
5 hours ++ 1+ $+ 1+ 
6 hours 2+ 1+ 1+ 
7 hours $+ 
1 das 1+ 1+ 1+ 
2 days 2+ 1+ 1+ i+ 
3 days 1+ 2+ i+ 
5 days 1+ 
6 days 1+ 1+ t+ 
7 days 1+ t+ 
«lay 2+ 


und the cells resuspended in saline prior to incubation. Tubes in the fourth row cont sined 
15 ml. of sterile saline and 0.5 ml. of bacterial suspension. Stand urd loopfuls of the sus 
pensions were remove d and inoeulated directly on Petragnant medium after each period of 


exposure 


The results tabulated in table 2 show that trisodium phosphate plus Zephiran was less 
toxic than sodium hydroxide. Viable organisms could be obtained after exposure to tri 
sodium phosphate-Zephiran for seven days, whereas three days was the maximal survival 
time in sodium hydroxide 

Trisodium phosphate Zephiran digestion of clinical specimens: Preliminary experiments 
using pure cultures can only indieate the potential us fulness of an isolation procedure 
Therefore, the trisodium phosphate Zephiran method of treating sputum was compared 
with the commonly used sodium hydroxide method in the isolation of mycobacteria from 
clink al specimens 

Ninety-five sputum samples were obtained from the State Tuberculosis Hospital at 
Kearney, Nebraska. Many patients from whom the specimens were obtained were unde: 
treatment, which increased the possibility of obtaming spec imens positive for tubers le 
bacilli on microscopy but negative on culture. The samples were approximately twenty 


four hours old when ree ceived at the laboratory 


Five milliliters of each sputum sample were added to two 50 ml. glass -stoppered centri 
fuge tubes. To one tube an equ il quantity of 4 per cent sodium hydroxide was added, and 
to the other t ibe an equ il qu sntity of 10 per cent trisodium phos ph ste - 1:1 Zephir in 
mixture. During the fifteen minute digestion process, the specimens were shaken by hand 
periodically. Both sets of specimens were then centrifuged at 3,000 r.p.m. for fifteen minutes 
The supernatant was poured off both sets The sediment in the sedium hydroxide tubes 
was neutralized and two st andard loopfuls of the sediment were inoculated on Petragnant 
medium Approxrm ately 48 mil. of sterile saline were vided to the sediment of the trisodium 


shoxphate Zephiran tubes These were vigorously shaken und re-centrifuged, and two stand 
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TABLE 3 
COMPARISON oF Soprum Hyproxipe Trisopium ZePHIRAN 
DiGestTion ON Derecrion or M. cosis 95 Seurum 


Digestion Method Positive Smears Contamina 


Sodium hydroxide 


Trisodium phosphate Zephiran 


TABLE 4 
Comparison or Trisopium anv Trisopium 
DiGesTion ON Detection or M. in 153 Samp ies 


Contaminated 


Digestion Method Positive Smears Positive Cultures 
Cultures 


per cent) per cent) 
Trisodium phosphate 17 21.6 


Trisodium phosphate -Zephiran 17 $2.7 


ard loopfuls of the sediment were cultured. Smears were prepared from each of the digested 
sediments and stained by the Ziehl-Neelsen technique 


The results are tabulated in table 3. Two and two-tenths per cent more smears positive 
for tubercle bacilli were obtained from samples digested with sodium hydroxide. How 
ever, 9.5 per cent more positive cultures were obtained from samples digested with tn 
sodium phosphate-Zephiran. Contamination was reduced by 11.6 per cent in samples 
digested with trisodium phosphate-Zephiran 

Additional clinical specimens were obtained from the Veterans Hospital in Lincoln, 


Nebraska. These specimens were from untreated patients, and inc luded many in which 


the search for M. tuberculosis was requested as a routine procedure to exclude tuberculo 


sis 

One half of each sputum sample was treated in the routine manner with trisodium 
phosphate. The other half was treated with trisodium phosphate-Zephiran. The sedi 
ments, after one washing, were streaked on Petragnani medium, and smears were made 
and stained by the Zich]-Neelsen method 

Examination of table 4 shows that trisodium phosphate-Zephiran digestion resulted 
in 11.1 per cent more positive cultures than the routine trisodium phosphate method 
In addition, 6.5 per cent more of the cultures were contaminated after treatment with 
trisodium phosphate alone 

The results of this investigation confirm the findings of Freedlander* and Hirsch’ that 
bactericidal action of Zephiran on the tubercle bacillus is low. 

Incorporation of |: 1,000 Zephiran with trisodium phosphate in the digestion of sputum 
samples showed a marked improvement in the elimination of contaminants and, thus, 
greater success in obtaining positive cultures for M. tuberculoms. In this respect, this 
procedure is also superior to the penicillin-incorporation method 

Aside from being a useful incorporant in the digestive process, Zephiran, because of 
its low bactericidal action on the tubercle bacillus, might be useful in reducing the growth 
of contaminants which occurs during transit of sputum samples. In many instances, 
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NOTES 


«putum samples are collected from out-of-state patients, and several days elapse while 


the specimen is en route to the diagnostic laboratory. During this interval, contamimants 
of the isolation procedure 1s decreased. It is quite possible 


multiply and the effierencs 
mailed to outpatients, thus 


that Zephiran could be used in sputum containers which are 
reducing growth of contaminants during transit 

In summary: M. tuberculoma remains \ iable in a 121,000 dilution of Zephiran for eleven 
WU. tuberculoma were obtained after exposure to | 1,000 Ze ph 


dave. Positive cultures of 
for six davs. Incorporation of Zephiran with 


iran in O per cent trisodium phosphate 
trisodium phosphate in the digestion of sputum is superior to either of the digestive 
methods in routine use for isolation of M. tuberculosis. This method gave 9.5 per cent 


und 11.1 per cent more positive cultures than the standard sodium hydroxide and tn 


phosphate methods respectivel 


R. A. Parrerson" 
T. L. THompson 
1). H. Larsen 


Verenans Hosrrrat 


LincoLN, NEBRASKA 


DeranrMent or 
Uxrversrry OF NEBRASKA 
Lincoun, NEBRASKA 


February 24, 1956 


ind thanks to Dr wi bingelhard for his 


‘The writers express their appreciation 
it 


timely suggestions, and to Mr Lawrence Geer of the State Tuberculosis Hospital 


Kearney, Nebraska, for sending them the positive sputum specimens 


4 
ine 
> 
= 


THE OCCURRENCE OF HYPERURICEMIA DURING PYRAZINAMIDE- 
ISONIAZID THERAPY 


Since the fifty-bed tuberculosis unit of Albany Veterans Hospital was activated in 
1952, 3 patients clk veloped clinical gout, all after receiving antituberculous drugs tor 
many months. When the third case occurred in January, 1956, the present writers became 
suspicious that this unusual frequency of gout might be related to the treatment whiel 
the patients were receiving 

The first case, involving the second toe, occurred in December 1054, ina patient who 
was receiving streptomycin twice weekly and isoniazid each day. He had a history of 
previous attacks of gout. One of the other 2 patients developed gout in the great toe on 
December, 1955; the other, in the tendon of the tibialis posterior in January, 1956, after 
receiving pyrazinamide (3 gm.) and isoniazid (300 mg.) daily, for thirteen and for eight 
months, respectively. Although neither of these patients ever had had an attack of gout 
before, the most recently affected patient had a family history of gout. In all 3 of thes 
patients the gout responded within a few hours to colchicine administration. No further 
ittacks have occurred and the antituberculous drugs received by the patients have been 
continued without any change 

In order to detect any relationship of the antituberculous drugs to gout, fasting serum 
uric acid concentrations were determined in a few patients, selected at random. on all 
of the mayor drug regimens. The blood was drawn in the morning approximately sixteen 
hours after the last dose of medication. The serum urie acid was dete rimmed by the medi 
fication of the method of Kern and Stransk) , desertbed in the 1950 edition of Fister 
Vanual of Standardized Procedures for Spectrophotometric Chemistry. In this laboratory 
the normal range of values for the serum uric acid is 2.8 to 5.5 mg. per 100 mil. of serum 
All urie acid determinations performed since January, 1956, are noted in table | 

The day-to-day fluctuations of the serum uric acid concentrations are evident. Patients 
DeL and McC are the ones who de veloped clinical gout. All of the patients tested had 
been on antituberculous drugs for many months except the patient em, on whom uri 
wil determinations before and after initiation of treatment were obtained. and putionts 
Sie and Fis who were undergoing therapy for only a few weeks 

All of these patients had normal hepatic and renal function and normal blood counts 
In the first case of gout which occurred in December, 1954, the serum uric acid was 
S.4 mg. per 100 ml. This case is not entered in table 1. The cases are listed in table | under 
the basic chemotherapy regimens received, and any additions or deletions of pyrazin 
amide are noted under Remarks. The final value obtained as a result of these changes is 
entered in the appropriate column. Only men were available for stud 

(s may be seen in table 1, the serum urie acid reached concentrations well above 


normal in all patients who received pyrazinamide (3 gm.) and isoniazid (300 my.) daily 


exeept patient Sie. In this case the uric acid rose only to 5.7 mg. per 100 mi 


after pyrazinamide was added to the isoniazid para-aminosalieyvlic acid (PAS) regimen 
This hyperuricemia occurred in both of the patients who never manifested clinical gout 
ss well as in the 2 who did, and in the latter it persisted after the acute attack had sub 
sided 

Patients who received 3 gm. of pyrazinamide with drugs other than isoniazid had uric 
acid values at or slightly above the 6 mg. upper limit of normal U/yn, Ran. McB 
ind Gan). When the pyrazinamide was increased to 6 gm. dail VWeB and Gan) and con 


tinued for another three days, the uric acid rose almost a milligram higher to values of 
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TABLE 1 
Actp ConcentTRaTIONS BLoop AND Unine 


24 Hour 
Urine Output 


Serum Uric Acid 


Remarks 


Patient He Of Dur No 
During Pyr Pyr. Pyr 


Pyrazinamide 
aaina 


mile 


Patients Receiving Pyrazinamide and Isoniazid 


mg. per 100 mi me 


Hal 94,92 333 Urie acid fasting = 9.2; 2 hours after pyra 
zinamide-isoniazid = 9.5 
Dew 89.95 38S Urie acid fasting = 9.5; 2 hours after pyra 


zinamide-isoniazid = 10.1 


570 
2 3.4 Pyrazinamide stopped; one day urte acid = 
70,5 days = 4 
Pem 1.3 89 315 644 One day of pyrazinamide, urie acid = 59 
2 days = 7.2 
DeL 9.6.6.1,8.7| 4.7 | 280 Gout December, 1955, py razinamide stopped, 
one day urie acid = 6.8; 2 days = 545 
Me€ 14.4, 98, | 6.1 | 374 | 917 | Gout January, 1956, on Benemid urine = 560), 
1.1 pyrazinamide stopped; 3 days uric acid = 


6.1: 4 days = 6.1 


and Drugs Other Than Isoniazid 


Patients Receiving Pyrazinamide 


Hyn 54,45 Streptomycin, PAS pyrazinamide 


51,70 Viomyein, py razinamide 


Patients Receiving PAS and Isoniazid 


4 days of py razinamide, uric acid 


days = 5.7 


Patients Receiving Streptomycin: Isoniazid 


Ros 5.0 
Fis 3.6 3 days of pyrazinamide, uric acid = 7.4; 4 


days = 77 


Patients Receiving Streptomycin-PAS 


0 
s 6.1 3 days of pyrazinamide (3 gm.), urie acid = 
6.1; 3 more days @ 6 gm. = 7.0 
Gan 5.9 68 3 days of pyrazinamide (4 gm.), urie acid = 


68:3 more days @ 6 gm. = 7.6 
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NOTES 201 


7.0 and 7.6 mg. per 100 ml., respectively These findings suggest that the pyrazinamide ts 
the important factor in the production of hyperuricemia and that isoniazid enhances 
its effect 

The hyperuricemia became fully established three davs after institution of pyrazina 
mide-isoniazid therapy (Pem), increasing from 4.3 to 8.9 mg. per 100 ml. This also oe 
curred when pyrazinamide was given to a patient already receiving isoniazid with strep 
tomycin (Fis), the uric acid increasing from 3.6 to 7.7 mg. per 100 ml. Another patient 
(Sie) who received isoniazid-PAS had a rise in uric acid from 3.0 to 5.7 mg. per 100 ml 
four days after pyrazinamide was added. The values failed to rise any higher after another 
day of pyrazinamide. The relationship of PAS and its possible uricosuric effect to the fail 
ure of the uric acid to rise well above normal in this patient and others who received it 
needs further investigation 

When pyrazinamide alone was discontinued, the previously elevated serum urie acid 
fell to normal within three days in the 2 patients who had previously had clinical gout 

DeL and McC) and within five days (no specimen being obtained from the second through 
fourth day) in one patient (Pre) who did not have any joint symptoms 

The serum uric acid did not change significantly two hours after the morning dose of 
pyrazinamide and isoniazid, the fasting state being maintained (//al and Dew). The uric 
acid rose 0.3 mg. in the first instance and 0.6 mg. in the second 

The twenty-four-hour urinary output of urie acid varied but was in the low range of 
normal, The pretreatment output of uric acid in one patient (em) was 644 mg., whil 
after being on pyrazinamide-isoniazid for one week the value fell to 315 mg. Another 
patient (McC) while on probenecid (Benemid”) to prevent recurrence of his gout ex 
creted 560 mg. of uric acid. After the probenecid had been discontinued for a week the 
uric acid excretion fell to 374 mg. Then the pyrazinamide was stopped for three days 
and the output was 917 mg. in the next twenty-four hours 

It is interesting that in the 2 patients (Pem and McC) tested with and without pyra 
zinamide a decreased urinary uric acid output was noted, in spite of an elevated serum 
uric acid, while on pyrazinamide This suggests the possibility of a renal effect. However, 
in view of the known daily fluctuation of uric acid output this preliminary finding needs 
confirmation, 

As a chemical control on these observations, isoniazid was added to serum in vitro, 
producing a concentration of 10 per ml. and pyrazinamide was added to produce a serum 
concentration of 40 y per ml. The two drugs were also added individually to specimens 
of the same serum. In no case did the addition of the drugs change the original untreated 
serum uric acid concentration of 4.1 mg. per 100 ml 

In the patients who received pyrazinamide-isoniazid there has been no clinical evi 
dence of renal calculi or tophi. There have been no joint pains such as those described 


by Yeager and associates’ in their original report on pyrazinamide alone and by Cam 


pagna and his associates*® on its use with isoniazid. In the 2 cases of gout which did occur 


in the present study each patient had a swollen, hot, tender joint 

The clinical implications of the hyperuricemia which occurred on pyrazinamide 
isoniazid therapy are interesting and may prove to be far reaching. Apparently it is not 
due to physical presence of these drugs in the serum, but is a delayed response requiring 
approximately two to three days to develop and disappear. Pyrazinamide in a daily dose 
of 3 gm. without isoniazid raises the serum uric acid to, or just above, the upper limit of 


normal and 6 gm. daily raises it another milligram per 100 ml. The possible relationship 


Yeacer, R.L., ef al.: Am. Rev. Tubere., 1952, 64 
M., et al.: Am. Rev. Tubere., 1954 
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f these findings to the metabolism of urs acid, primary and secondary gout, Uh tubercle 
hacillux. and the long-range effects of hyperuricemia on the patient rece ng pyrazine 


mide-isoniagid therapy have yet to be developed 


Addendum 


Sinee the above Note was submitted for publication, work in progress confirnis the hyper 
iricemic effect of pyrazinamide. The result» thus far still suggest that there is a decre sed 
urinary output of urie acid during pyrazinamide therapy and that PAS diminishes the 
hyperuricemic effeet of pyrazin umide and is probably uncosurt The findings are incon- 


clusive whether isoniazid further increases the hyperuricemia produced by pyrazin amide 


ALBANY Vererans Hosrrran lames H. CULLEN 
and Lawrence J. A. barn 
Aneany Mepican Cot teat Jloun M. Fiori 


\nnany, New York 


April 2, 1956 


= 

ak 

| 

if 


FURTHER OBSERVATIONS ON THE PREVALENCE OF STREPTOMCYIN.- 

AND ISONIAZID-RESISTANT STRAINS OF MYCOBACTERIUM TUBER- 

CULOSIS IN PATIENTS WITH NEWLY DISCOVERED AND UNTREATED 
ACTIVE PULMONARY TUBERCULOSIS 


In a previous publication, the present writers reported on the prevalence of strepto 
myein-resistant and isoniazid-resistant strains of tubercle bacilli in the sputum of clin 
patients with untreated’ active pulmonary tuberculosis discovered during the interval 
between July, 1953, and January, 1955. It is the purpose of the present Note to report the 
observations made in «a similar but more intensive study, which included hospital as well 
is clinic patients discovered to have active and untreated pulmonary tuberculosis in 
New York City during the vear 1955 

Using the same methods for collection and laboratory investigation as were previously 
described, sputum specimens were obtained from a large number of patients newly 
admitted to most of the tuberculosis services of the municipal hospitals of New York 
City and to all of the chest clinies of the Bureau of Tuberculosis during the study period 
January 1, 1955, to December 31, 1955 

The present series of patients was selected, using essentially the same criteria that 
were deseribed in the first report, from the very much larger group of patients who sub 
mitted sputum specimens The present series, in contrast to the one already reported 
was limited to patients with newly reported bacteriologically proved active pulmonary 
tuberculosis; patients with recently reactivated tuberculosis were excluded. In addition 
for the purpose of the present study, the definition of a newly reported case of active pul 
monary tuberculosis was modified to read as follows: A patient whose sputum specimen 
were received in the laboratory within a period of three months (previously six months 
following the date when the diagnosis of active pulmonary tuberculosis was reported 
for the first time. These minor modifications for selection were made in order to limit the 
present series to a group of patients whose previous antituberculous drug therapy could 
be more accurately investigated than was possible in the first study 


Six hundred and thirty-one patients were finally ineluded in this series. Of these, 466 
patients originated from hospitals and 165 from clinics. An analysis of the age, race, sex 
and stage of disease in this group of patients revealed a distribution strikingly similar to 
that of the entire group of newly diagnosed cases of active pulmonary tuberculosis in 
persons more than ten vears of age registered in New York City during the year 1955 
It is believed, therefore, that these 631 patients were a representative sample of the 
entire group trom which they were selected 

The cultural findings of the sputum for the present series of patients are noted in 
table 1. Some growth of MV. tuberculosis on drug-containing medium was observed in 


76 instances, or 12 per cent (the corresponding figure in the 1955-1954 study was 11.2 


er cent The proportion of strains showing some growth on drug-containing medium 


varied from 8.7 per cent among the 241 strains with less than | plus growth in the con 


trol culture to 17.2 per cent among the 157 strains with 3-plus or 4-plus growth in the 


This study was supported, in part, through a contract (No. SAth 60795, Mareh 30 
1954) with the Public Health Service 

A. D., ef a Am. Rev. Tubers 1955, 72, 145 

For the purpose of this report, all references to treatment will apply to antimerotnal 


treatment streptomvern of isoniazid 
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TABLE 1 
QuaNTITATIVE CULTURAL FInvINGs ON Deva any 
or 631 Untreaten New Active 
Cases or Putmonary TUBERCULOSI® 
Departments of Health and Hospitals, City of New York 

January 1, 1955, to December 31, 1955 
Quantitative Findings on Drug Free Medium (Control! 
Growth on Drug Containing Media ++ and 34 2+ and1+ | Less Than 1+ 


Number Per Cent Number Per Cent Number Per Cent |Namber Per Cent 


Total 631 10 157 100.0 233 100.0 241 100.0 
Hospital Cases 134 186 146 
Clinte Cases 166 3 47 95 
No growth on any drug 
Some growth on drug-con 
taining media 76 12.0 Zi 17.2 2s 12.0 4} 8.7 
Streptomycin alone 5.5 12 5.2 1.1 
lsoniazid alone 6.2 8.9 15 6.4 10 4.1 
Both streptomycin and 
isoniazid 2 0 0.4 0.4 


TABLE 2 
oF CULTURES PosttTive ror 651 
Unrrearen Patients Deoree or Resistanck SHOWN TO 
STREPTOMYCIN AND ISONIAZID 


Streptomycin Resistance Isoniazid Resistance 
Some Growth on Streptomycin Some Growth on Isoniazid 
No Containing Medium No Containing Medium 
Total (,rowtl Growth 
ype of Positive | on Any on Any 
Case Cultures® Strept Highest Concentration in - Highest Concentration in 
ave y per MI. of Medium on niazid y per MI. of Medium on 
Contain Which Any Growth Fotal | Contain hich Any Growth Tota 
ng Was Seen ing Was Seen 
Medium Medium 
10 1 1,000 0.1 1.0 so 
Hospital 158 24 2s 55 2s 0 3 31 
Clint 165 155 7 2 10 
Total $2 2 37 35 2 4] 


* Includes 2 patient strains w hich showed some degree of resistance to both strepto 


mvein and isoniazid 


control culture. There was no appreciable difference in distribution among hospital and 
clinie cases that could not be explained on the basis of the difference in the distribution 
of the quantitative findings in the control culture. In general, growth of the tubercle 
bacilli was heavier in the cultures inoculated with specimens from hospital patients 

Of the 76 patient-strains showing any growth on drug-containing medium, 35 showed 
some growth on streptomycin-contaiming medium; 39, on isoniazid-containing medium 
and only 2 showed some growth on both streptomyeim and isoniazid-containing media 
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TABLE 3 
Proportion oF 631 Untrreatrep Patients with Recentty Discoverep Active 
Tupercutosis Wuose OrGANISMS SHOWED SIGNIFICANT ResisTANce TO 
OR Isontazipt 
Quantitative Findings on Drug-Free Medium (Control) 


rota 


Drug to Which Significant ; 
1+ and I+ Less Than 1+ 631 Patient 


Resistance Was 4+ and 3+ 2 
Demonstrated?! 157 Patients) 235 Patients) 241 Patients 


Number’ Per Cent Number Per Cent | Number Per Cent | Number’ Per Cent 


0.85 0.41 0.48 


Streptomycin 0 
0.80 


Isoniazid ] 0.64 1.30 0.41 


* Significant resistance to streptomycin: any growth on 1,000.0 y of streptomyein per 
ml. of medium or growth on 100.0 » of streptomycin per ml. equivalent to that on the 
control culture 


t Significant resistance to isoniazid: any growth on 5.0 » of isoniazid per ml. of medium 


or growth on 1.0 y of isoniazid per ml. equivalent to that on the control culture 
t No patient had organisms which were significantly resistant to both streptomycin 


and isoniazid 


(see table 1). In table 2 the distribution is indicated of all the sputum specimens positive 
for tubercle bacilli, according to the degree of resistance shown to streptomycin and 
isoniazid as measured by the highest concentration of the drug which permitted any 
growth. Only 5 patient-strains showed any growth on media containing 100 or more of 
streptomycin per ml, and only 6 showed any growth on media containing 1.0 or more 
of isoniazid per ml 

The number and percentage of patients whose sputum contained strains of M. tuber 
culosis displaying significant resistance to streptomycin and isoniazid, as previously 
defined,? are shown in table 3. Among the 390 patient-strains with |-plus to 4-plus growth 
in the control cultures, 2, or approximately 0.5 per cent, were significantly resistant to 
streptomycin and 4, or 1.0 per cent, were significantly resistant to isoniazid. In the earlier 
study, the corresponding figures for significant drug resistance were 1.5 per cent and 2.9 
per cent for streptomycin and isoniazid, respectively 

Among the 76 patients with strains of tubercle bacilli which showed any growth on 


drug-containing medium, there were 6 with a history of exposure to a previously treated 


case of active tuberculosis. Further details concerning the possible source cases were 


not obtained 


For the sake of completeness, to supplement the present study in the adult popula 
tion, the writers obtained information on the results of drug-susceptibility tests done 
at Bellevue Hospital on the specimens from children admitted for previously untreated 
tuberculosis to the Pediatric Service of that hospital during 1955.4 Tubercle bacilli were 
isolated from 32 of the 88 such children admitted. All 32 of the patient strains isolated 
were entirely susceptible both to streptomycin and isoniazid, using the indirect testing 
method 

Thus, a most intensive search for primary drug resistance in tubercle bacilli isolated 
from newly diagnosed cases of tuberculosis in New York City during 1955 revealed no 
significant change from the findings described in a more limited study conducted between 
July, 1953, and January, 1955. The smaller percentage of significantly drug-resistant 


‘ Data supplied through the courtesy of Dr. Edith M. Lincoln 
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strains in the 1955 study as compared with the one conducted in 1953-1954 is probabl 
due to more careful screening in the present series. The previous con lusion that primary 
drug resistance in patients with tuberculosis does not at present constitute 4 serous 
public health problem ts therefore. corroborated. Studies, however, must he constantly 


carried out to detect, as early as possible, any unfavorable change that ma cur in the 


present fortunate situation 

In summary: In New York City, during 1955, tubercle bacilli were isolated from a study 
population of 631 adults and 42 children with previously untreated tuberculosis The 
patient-strains of tubercle bacilli from adults were tested for susceptibility to strepto 
the direct method; the indirect method was used for the patient 


cent) and in all of the 


mycin and isoniazid b 
strains from infants and children. In 555 adult patients (5 pet 
pediatric patients the «trains isolated were completely susee ptible to both streptomyem 
and isoniazid. Of the 76 patients (12 per cent) from whom strains wer isolated whicl 


showed any degree of resistance to either drug, only 3 O.5 per cent of the total) had 


strains significantly resistant to streptomycin and only 5 (OS per cent of the total) had 


strains significantly resistant to isoniazid 
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INSTABILITY OF THE POTENCY OF TUBERCULIN DILUTIONS 
A Second Report 


It is generally assumed that tuberculin is unstable when highly diluted and that the 
weak dilutions used for intradermal testing, therefore, should be stored for a short time 
only. In extensive studies carried out to obtain more precise information on this point 
the present writers stored tuberculin dilutions for periods ranging from a few days to 
many months. The results obtained did not support the assumption that the potency of 
the dilution decreases svstematically with duration of storage. In fact, the studies failed 
to reveal any loss of poteney for dilutions of 5 tuberculin unites TU) stored up to nine 
months at low temperature. The same studies, however, revealed unsystematic varia 
tions in potency between dilutions made at different times from the same produet and 
ilso between ampoules filled with the same dilution 

In order to identify the source of this unexpected “inter-ampoule variation,” a further 
series of studies was started. As reported previously,’ these studies resulted in the cis 

of a peculiar phenomenon the “volume effect.” It was found that, when an am 
poule is filled only partially with « dilution of purified tuberculin, the poteney of the dilu 
tion is substantially reduced within a day or even a few hours 

It is assumed that the two phenomena the “inter-ampoule 4 sriation” and the “volun 
effect.” may be due to a common cause. As the “volume effeet™” is more easily reproduced 


ind measured, it was made the subject of further experments 


The purpose of the present paper is to illustrate briefly certain new aspects of this 


phenome non and indicate the nature of its cause 


In all experiments reported here, the potency of tuberculin was me sured by intradermal 
esting in white male BCG-vaeccinated guinea pigs 

Each animal was given from six to ten tests in the skin of the back or flanks, O.1 mil. of 
the dilution being injected for each test. The reactions were measured in approximate! 
twenty four hours by a trained observer who had no knowledge of which dilution of tuber 
culin had been used for the separate tests The data given below are all based on the average 
of the longitudinal and transverse diameters of induration 

The guinea . were of uniform weight and had all been sensitized with Danish BCG 
vaccine (Statens Seruminstitut, Copenhagen) one to two months before experimentation 
As the level of sensitivity varied considerably from animal to animal, it was found profit 
ible to use statistical designs with adjustments for these variations. The tests allocated 
to each animal were randomly distributed among the sites used for testing 

Unless otherwise stated, the tuberculin used for experimentation was RT XNIX-XNN-NNI 
Statens Seruminstitut, Copenhagen), in 5 TU dilution (containing 0.0001 mg. per ml 
The diluent employed was a phosphate buffered sodium chloride solution with, in some 
cases, chinosol as a preservative. Except in two experiments in whieh different types of 
container were tested. the dilutions were stored in rubber-capped ampoule raw 
Jena S5 mm. in length (nee k excluded nd 20mm. in diameter with a total « 
of approximate! 23 ml. The im poules which were factory new, were rinsed in tap water 


ind distilled water and dr terilized prior to tse 


Different fuberculin product The first expe ruments in which the volume effect Wil 
detected were made with the purified tuberculin RT XIX-XX-XXI. This brought up the 
question whether the olume effect” is found with this tuberculin only or ifity obtammed 


with other products as we 


J 


iy 
Pad 
Am. Rev. Tuberc., 1955, 72, 126 
a 4% 


Mean Size or Reactions (Mu 
Tests wirn Ditutions or Dirrerent TUBERCULIN 
AMPOULES 


I 


Production (enter 


Statens Seruminestitut 
Statens Seruminastitut 
Statens Seruminstitut 
Henry Phipps Institute 
Henry Phipps Institute 
Weybridge Laboratory 


Weybridge Laboratory 
Institut Pasteur 
Institut Pasteur 


Statens Seruminstitut 


Hampstead 


Propucts in COMPLETELY 


NOTES 


sberculin Dilution 


Preparation 


nT Vil 

RT XIX-XX-XXI 

RT XXII 

SOTT 

Weybridge PPD 
mammalian 

Weybridge PPD, 
freeze dried 

LP. 48 

Koch's Old 
lin, strength 1.7 

Old Tuber 


Tubereu 


Standard 


eulin 


* Each mean is based on 5 tests 
t The tuberculin dilutions were stored in the ampoules for two days 


the experiments are shown in table | 


The strongest “volume effect” consistently occurred with the RT preparations but the 
effect was also substantial for the Weybridge preparations as well as for SOTT-4. The 
latter was prepared twenty years ago with approximately the same technique as that 
For PPD-S (the international standard for purified protein 


used for preparing RT 
derivative of mammalian tuberculin) and the Institut Pasteur tuberculins the effect was 


TABLE 1 
* Guinea Pies To 


Strength 


000) 
O00 
O00 
O00 


000 


AND PARTIALLY FILLep 


Degree of 
Filling 


0.9 7 
11.6 7 
11.7, 4 
13.112 
1.4 8 
12.512 
12.111 


small, and it was minimal or nonexistent for Old Tuberculin (OT) 


The stability of the two preparations of OT may be explained by their content of foreign 
proteins (see Stabilizing Agents below) derived from the broth medium used for the prepa 
ration. In regard to the differences observed between the different purified tuberculins 


an explanation cannot be given at present assume either that the 


different methods of preparation modify the tuberculin molecules to a different degree 
or that, with the different purification methods, different stabilizing impurities are re 
Experiments are being carried out to determine the influence on the “volume 


moved 


However, one may 


First 


Experimentt 


t The tuberculin dilutions were stored in the ampoules for one day 


Secon 


Filling 


Degree of 


Full Full 


4) 


12.1) 
12.4 5 
0.9 4 
14.412 
12.5 9 


11.4 5 
12.411 
12.511 
12.612 


13.112 


5 


Experiment: 


\ number of well-known products were tested in two experiments, one including 
seven and the other eleven different products. From each product a dilution roughly cor- 
responding in strength to a 5 TU dilution of RT XIX-XX-XXI was prepared and stored 
for one day in ampoules, some of which were filled completely and some partially. The 
diluent described above was used for all products. The products tested and the results of 


‘s ume ume 
Full Fall Effect Effect 
1/10 0 3.9 7.0 
1/10 2 4.4 6 6.58 
1/15 1| 7.6 6.4 
as 1/10 6 0.5 S 1.6 
3/40 5 1.9 5 2.4 
Re 
9.9 
1/10,000 5 
1/10,000 2 0.3 
1/10,000 0 1.5 
7 
1/34 4 0.7 
t 
eee 
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TABLE 2 
MEAN Size or Reactions (Mm.)* Guinea Pies To INTRADERMAT 
Tests witn 5 TU Ditutions Contarnine Gum Arasic, GeLaTine, AND TWEEN SO IN 
DIFFERENT CONCENTRATIONS IN COMPLETELY AND PARTIALLY FILLep 


Gum Arabi CGelatine Tween 
Concentration 


of Additive Full al 
Ampoules Ampoules Effect Ampoules Ampoules Effect Ampoule Ampoules 
‘ 4)-(4) ‘ 


a 2 1)-(2) 


Mie Full Volume Full , Full Volume Full io Full Volume 
Effect 


*3 tS 


* Each mean is based on 6 tests 
+ The tuberculin dilutions were stored in the ampoules for one day 


effect” of the different steps in the purification procedures, i.e., concentration, precipita 
tion, dehydration, et cetera 

Stabilizing agents: It is known that other purified proteins, such as purified preparations 
of toxins, enzymes, and viruses, are unstable in high dilution and that this instability may 
be prevented by the addition of “stabilizing agents’ to the diluent. Gelatine is perhaps 
the most commonly used. For the stabilization of tuberculin Gottschall and Bunney? 
have recommended a buffered diluent containing 0.1 per cent gum arabic 

The ability of some of these stabilizing agents to prevent or, at least, reduce the ‘vol 
ume effect” was examined. The results of some of the experiments with gelatine, gum 
arabic, and Tween® 80° are given in table 2. All three substances markedly reduced the 
“volume effect,” but gelatine and Tween SO were mut h more effective than gum arabic 
when used in equal amounts. In experiments not reported here, stabilization was also 
obtained with human albumin, peptone, and glycerin broth 

Clearly, these findings suggest a practical solution to the problem. However, careful 
examination of the possible antigenic and toxic properties of the different stabilizing agents 
would be needed before suc h a solution could be accepted 

Various containers: In two experiments, different types of containers were used for the 
tuberculin dilutions. These experiments were made partly in an attempt to find a prac 
tical solution, but mainly in the hope that they would furnish a clue to the factors respon 
sible for the “volume effect.”’ 

Tubes of nylon and quartz, ampoules of Jena glass with and without silicone-coating, 


and Erlenmeyer flasks of Pyrex® glass were used. The different containers were filled with 


5 TU dilution—completely or to one tenth of capacity. All containers except the kerlen 
mever flasks were kept lying flat. The results and a detailed description of the containers 
are given in table 3. 

The experiment yielded no practical solution, as a “volume effect”’ was found for all 
the containers. A quantitative evaluation of the “volume effect”’ for the different materials 


? Gorrscuat, R., anp Bunney, W. E., J. Immunol., 1938, 34, 105 
Used by London and Hudson to stabilize acid prostatic phosphatase Arch. Biochem 


1953, 46, 141 


po 
Ge 
0 10.7 10 6.7 10.6 1.1 6.5 10.4 is 9.6 x 
0.001 3.6 10.5 7.8 2.7 
0.010 10.1 5.0 5.1 10.5 2.3 12.1 11.7 
0.100 10.2 5.0 5.2 10.6 4 0.9 12.2 10.9 1.3 2 
1.000 10.5 8.5 2.0 11.2 10 0.5 12.3 12.4 0.1 - 
‘ 
10000 10.8 10.5 0.3 
| 
|. 
wih 
Fe, 
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TABLE 3 
Mean Size of Reactions in BOG Vacemnateo Guinea To INTRADERMA! 
Trers wirn 5 TU Ditotions Srornep iN CONTAINERS OF Vanrous MATERIALS 
Acconpine TO DEGREE oF FILLING oF CONTAINER 


First Experiment’ second Experiment? 
Degree of Degree of 
Filling Filling 
( ontaine 
\ Vol Ay Vol 
pron ame prox ame 
mate Height am Full Full Effect mate Height am Pull Effect 
ve eter Vo eter 4)-(4) 
ime 
irlenmever flask Erlenmever 1.0 500) Erlenmeyer 12.2 9.3 2.9 
erlenmeyer flask shape 10.9 7.4 3.5 shape 1.7.6.2 5.5 
Nylon tube $3 0.6 5.3 5.3 3.3 10.8 5.4. 5.4 
(Quartz tube 15 W468 35.6 16.0 1.6 9.4 5.7 | 3.7 
Silicone coated 
de umn 
poule 8.5 20 W.0 3.7 6.4 8.5 2.0 |10.0 5.1 4.9 
Jenn 
pouls a) 20 1.4 4.5 69 8.5 20 11.4 5.4 6.0 


* Each mean is based on 8 tests. The tuberculin dilution was stored in the containers 
for two days 
+ Mach mean ix based on 12 tests. The tubereulin dilution was stored in the contamers 


for one day 


used was difficult because of the variation in size and shape of the containers. It is strik 
ing, however, that the tuberculin from the 500 ml. Erlenmeyer flasks filled to capacity 
seemed to be stronger than that from any of the other containers, and that the “volume 
effect” was very small for this type of container Since the 500 ml. Erlenmeyer flasks 
presented less surface per unit volume of contents than the other containers, this result 
might indicate that the loss of activity was connected with some property of the surface 
of the container. However, this assumption was not supported by the fact that the “vol 
ume effect” was observed in containers of mate rials with widely different chemical and 
physical properties 

Er periments designed to identify the causal factor: The inactivation described in the 
foregoing might be due to some factor associated with the air-filled space in the con 
tainer. It is conceivable, for example, that the oxvgen in the ai affects the tuberculin or 
that the surface tension at the au liquid interface causes denaturation of the tuberculo 
protemn 

However, a8 mentioned above, the inactivation of tuberculin might equally well be 
due to some effect of the container. Accordingly, a number of experiments were made to 
investigate these possibilities 

Denaturation at the air-liquid interface has been suggested as a cause ol inactivation ot 
proteins.* This form of inactiy ition, it must be assumed, increases as the ratio of surface 
to volume of solution increases and it might therefore « xplain the “volume effeet.’ 

Adame! tested the hypothesis of surface denaturation by experiments in which he in 


creased the surface of the solution by shaking 


Apaws, M. J. Gen. Physiol., 147-1948, 31 
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TABLE 4 
Mean Size oF Reactions (Ma.)* 1s BCG-Vacernaren Guinka Pies 
InrrApERMAL Tests Wrra 5 TU Ditutions Srorep Ampoutes Wirn 
Wrrnout GLass FRAGMENTs?T 


Volume of Glass Fragments Volume of A 


* Kach mean refers to one ampoule and is based on 8 tests 


+ The tuberculin dilution was stored in the ampoules for eight days 


In the present experiments, with tuberculin dilutions, there was no indication of a sur 
face denaturation, although shaking did have an effect. In some cases the potency was 
increased after shaking. This phenomenon will be studied further 

Exclusion of air from the partially filled ampoules was in some experiments ¢ flected by 
adding paraffin oil The loss of potency was, however. unaffected by the addition of 
paraffin oil 

The effect of contact with glass was examined by putting glass fragments in the tuber 
culin dilution. Ampoules of the kind used in these experiments were broken and the frag 
ments sorted by sedimentation in water. The fragments used were fairly uniform in size 
measuring from a few millimeters to not much less than a millimeter. A number of ordi 
nary 20 ml. ampoules were filled with such fragments and tuberculin dilution was adde d 
till almost no air was left. The volume of dilution in these ampoules was approximately 
10 ml. At the same time other ampoules were filled with 20 ml. and 10 mil. of tuberculin 
dilution, leaving an air volume of 3 and 13 ml., respectively 

The results (table 4) showed marked inactivation of tuberculin dilution in the am 


poules containing glass fragments and no perceptible inactivation in the ampoules with 


an equal volume of air. From this it would seem that it is the glass and not the air which 


is of significance 

Further experiments were therefore made to find which property of the glass is respon 
sible for the inactivation of tuberculin 

Vetal ions are known to damage many biologie products, and the release of metal tons 
from the glass might therefore possibly explain the “volume effect.” To test this hypothe 
sis. use was made of certain compounds, so-called chelating agents which form stable 
complexes with metal ions. In some of the experiments desenbed in the foregomg, ¢ hine 
sol, which is a chelating agent, was added to the diluent because of its antiseptic proper 
ties. It did not prevent the “volume effect.” Furthermore, in two experiments comparisons 
were made between tuberculin dilutions prepared with chinosol (1 per ml.) or another 
chelating agent, Tetracemin® (ethylen-diamin-tetraacetic acid 10 per mil.), and tuber 
culin dilutions prepared without a chelating agent; there was no demonstrable differences 


in “volume effect.”’ 


The Tetracemin” was kindly supplied by Ferrosan, Copenhagen 
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TABLE 5 
Mu.) is BCG-Vacctnaten Guinea Pias To INTRADERMAL 


Tests wirTn Burren Contatnine 0.20/00 Tween 80, Storep IN AMPOULES 


Paeviousity Contvainine 5, 25, ann 125 TU Ditotions Comparep To 


1 ann 5 TU Ditwrions 


ilin Dilutions of Strength*® Control Dilutions of Strengtht 


Ampoules Previously Containing Tuber: 


rt ru 


ach mean refers to one ampoule and is based on 3 tests 


ach mean is based on 7 teats 


The alkalizing effect often shown by glass might be of significance. To check this point 
pH determinations were made on the contents of a sample of ampoules used in these ex 
periments. No difference in pH was demonstrated between the contents of completely 
and partially filled ampoules. It was found to be very close to 7.36, the expected pH of 
the buffered diluent 

Adsorption to glass of tuberculin was demonstrated by Parish* and has recently been 
discussed by Bretey.’ As mentioned in the previous communication,’ some of the early 
experiments also indicated that such adsorption takes place. In those experiments at- 
tempts were made to saturate the inner surface of the ampoules by pre washing with 
tuberculin dilution. The results sometimes showed a difference in potency between dilu 
tions stored in “saturated” and “unsaturated” ampoules. Similar trials with the various 
containers described in the foregoing showed the same trend. The results were, however, 
rather inconsistent and, although the “volume effect” was often reduced, it was never 
eliminated by the attempts to saturate the glass 

It is known from tests with another protein (testicular hyaluronidase) that glass which 
has been in contact with protein solution yields relatively large amounts of protein when 
eluted with appropriate buffers.* In early experiments of this series attempts were made 
to elute tuberculin from ampoules which had contained tuberculin dilutions by filling 
them with standard diluent. The results were negative, the diluent showing no biologic 
activity 

ater, when it was found that the addition of Tween 80 to tuberculin dilutions sup 
pressed the “volume effect,” the elution experiments were repeated with diluent contain 
ing Tween 80. Twenty milliliter ampoules containing 5, 25, or 125 TU dilutions were 
emptied and rinsed three times with standard diluent. The ampoules were then filled 
with 10 ml. of diluent containing 0.2 per ml. of Tween 80 and allowed to stand for five 
days, after which time the contents were tested for biologic activity 

As shown in table 5, tuberculin was eluted from all ampoules. The eluate from am 
poules previously filled with 25 TU or 125 TU dilutions gave, on the average, stronger 
reactions than the control 5 TU dilution, while the contents of ampoules previously 
filled with & TU dilution elicited weaker reactions 
That tuberculin can be eluted from ampoules having previously contained tuberculin 


*Panisn, H. J., ano O'Brien, R. A.: Brit. M. J., 1935, No. 3880, 1018 


Brerey, J Rev. de la tubere 1058, 19, 427 


P.: Acta chem Seandinayv., 1054, 8, 633 


Rasmussen 


wr 
sTU 125 TU 
7.9 11.6 11.4 
8.7 11.1 1.6 8.5 
7.2 10.7 || 


NOTES 


has been confirmed in later experiments. In these it was also found that, relatively, more 
tuberculin could be eluted from partially filled than from completely filled ampoules 
This finding seems to explain the “volume effect.”” However, details of these experiments 
will not be given at present, as the adsorption and subsequent elution of tuberculin seem 
to vary with as yet unidentified factors 

In summary: The results of further research into the instability of dilutions of purified 
tuberculin are reported. In early studies it was found that the instability did not appear 
a8 4 progressive reduction in the potency of the dilution but as unsystematic variations 
between ampoules filled with the same dilution. Further investigation of the “inter 
ampoule variation” revealed another phenomenon: tuberculin from partially filled 
ampoules was consistently less potent than tuberculin from completely filled ampoules 
This phenomenon —the “volume effect”’-is assumed to be due to the same cause as the 
“inter-ampoule variation” and, since it is more easily demonstrated, its oceurrence under 
various conditions has been studied 

The “volume effect” occurs with different, commonly used preparations of purified 
tuberculin, although in varying degree. It cannot be prevented by using silicone-coated 


ampoules or by using containers of other materials, sur h aS quartz or ny lon It is reduc ed, 


however, by the addition to the diluent of gelatine, gum arabic, or Tween SO 

Oxidation or denaturation at the air-liquid interface does not seem to be of significance, 
nor does inactivation by metal ions 

It has been demonstrated that tuberculin can be adsorbed to glass, in that tuberculin 
has been eluted from ampoules with a diluent containing Tween 80. It is therefore sug 
gested that the “volume effect” is due to adsorption to the surface of the container 


Tusercuvosis Researcu Orrict JOHANNES GULD 
COPENHAGEN, DENMARK Hans WAALER 


STATENS SERUMINSTITUT, MocGens MAGNUSSON 


COPENHAGEN, DENMARK 


July 21, 1955 


* The writers are indebted to Dr. Florence Seibert of the Henry Phipps Institute, Phil 
adel phia for supplying SOTT-4; and to Dr. A. B. Paterson of the Veterinary Laboratory, 
Ministry of Agriculture and Fisheries, Weybridge, for supplying freeze dried PPD. Special 
thanks are due to Dr. Knud Tolderlund, Statens Seruminstitut, Copenhagen, for his 


Valuable support and great interest in the work 
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Books 


Heures INTERNATIONALES DANS LA Lorre Contre LA TUBERCULOst By Etienne Ber 
nard, pp. 4, Masson et Cie, Paris, 1955 Price, 950 fr 


This book contains a series of speeches delivered by the author during the vears 1950 
to 1955 at meetings of the Inte rnational Union Agaimst Tuberculosis, held in Cope nhagen, 
Rio de Janeiro, and Madrid, at meetings celebrating the fiftieth anniversary of! the tu- 
berculosis associations ol Belgium, Switz rlancd, anel the United States, and at a meeting 
in French North Afnea 

The author reviews in these talks the history of the fight against tuberculosis, with 
special emphasis on the contributions of the various countries he has visited and on the 
role the national tuberculosis assoc ‘ations and the International Union Against Tuberculosis 
are fulfilling mm carrying on this campaign He surveys the present status of our mene 
ind methods to prevent and treat tubers ulosis and insists on early detection by system 
itie roentgenographie examinations and immediate treatment. This should be initiated 
in great specialized urban centers equipped with all diagnosti and therapeutic facilities 
including specialized laboratories in which drug-resistance tests and studies on cardio 
pulmonary funetion can be performed 

The author insists on flexibility and adaptability of our antituberculous equipme nt to 
the changing aspect of the disease He especially singles out certain categories of patients 
who do not fit into the general s heme of the classical tubers ulosis hospital. These cate 
yories include patients with minimal lesions, convaleseents from tuberculous meningitis 
and miliary tuberculosis, and the old chronic eases \ program of rehabilitation und pre 
vention of relapse should be part of the medical care for tuberculous patients The author 
stresses the importance of improvement of living conditions and BOG vacemation 
especially for highly « xposed groups of the population and as the principal measure for th: 
underdeveloped countries 

This book im written ina pleasant stvle and will be profitable to all who wish to obtain a 
lucid orientation in the broad medico-social aspects of the world-wide problem of tubercu 
losis 

Werner ScHARFER 
Denver, CoLonabo 


Diskases or THE Cures. By H. Corwin Hinshaw and L. Henry Garland. Pp. 727, 28 
illustrations, W. B. Saunders Company Philadelphia, 1956 Price, $15.00 


This is a well-constructed book. notable for the extent and thoroughness of its coverings 
The reve wer'’s first Impression ola practical and trustworthy account of pulmonary 
disease in broad aspect was sustained by careful, detailed reading The volume should be 
valuable to the general practitioner and specialist alike as a text and reference work for all 
the major pulmonary ilnesses It ix written with a smooth and flowing style, free from 
evidence of disjointed authorship remarkable for its space-saving Ta ilitv. Without the 
latter the w ile coverngte could not have been accomplished ; even in the shortest: sections 
the reader is not left with the fee ling that the subject has been slighted 

There are forty chapters, the first four of which are devoted to diagnostic procedures 
The combination of authorship internist and radiologist is particularly effective here 


The next two chapters deal with basic anatomy and physiologs The compilation then 
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proceeds with an account of the acute pulmonary inflammations, the mechanical em 
barrassinents of respiration, neoplastic disease, circulatory abnormalities of the lungs 
pulmonary tuberculosis, sarcoidosis, mycotic and parasitic disease, and pulmonary dis 
orders of cecupational origin. Succinet tables of contents pretacing en h chapter orient 
the reader helpfully. Three of the chapters, on pulmonary physiology, foreign bodies in 
the larynx and bronchi, and coecidioidomycosis, were written by colleagues of the authors, 
viz., Roger H. L. Wilson, Walter E. Heck, and William A. Winn. In every chapter atten 
tion is paid to etiology and pathogenesis, as well as diagnosis and treatment 

Most readers will probably agree with the reviewer that the presentation is authorita 
tive without being opinionated. In the tuberculosis chapters, in the light of the book's 


authorship, one might expeet an overbalance in the space devoted to antimicrobial ther 


apy. Actually the older methods are accorded quite as much room. Collapse therapy is 
introduced with the comment that readjustment of opinion in the light of the newer 
therapy has not vet become stabilized, but has resulted in a more critical attitude toward 
ill conventional methods of treatment 
The illustrations, the majority of which are reproductions of roentgenograms, are of 

high caliber, and the press work is excellent 

R. Lona 

Minus, Virginia 


ParnoLoGy Seminars. Edited by Robert S. Haukohl and W. A.D. Anderson Pp. 195, 
The ( \ Mosby Company st Louis. \issourt, 1955 Price, 


Most pathologists would welcome the opportunity to attend seminars moderated by the 
five well-known and highly respected contributors to this book, in which emphasis is given 
to the evtologic criteria for the diagnoses of a wide variety of neoplastic lesions by means 
of well-chosen case reports and series of pertinent questions and answers 
By nature the slide seminar is informal. This is manifest in the text in a very free ex 

pression of opinion by the discussants, recorded in a pleasant literary style. During the 
discussions a clear distinction is not always made between statements that are based 
primarily Upon pe rsonal Opinion and those which are derived from well-established facts 
Since this is often left to the reader, with an inadequate bibliography, the value of the 
text is limited as a reference source for students of pathology. Nevertheless, the book 
offers a very enjoyable, informative, and stimulating experience to pathologists and 
oncologists that is secondary only to attendance at the original slide seminars 

Voges 

New York, New York 


BOOKS RECEIVED 


\ SrarisricaAL Program ror THe DerartMent or or roe Crry or New Yours 
By the Committee on Statistical Program for the City of New York Pp. 71, Russel! 
Sage Foundation. New York. 1956. Price. 81.00 

I. Preumovrorace Lert ep By Giusto Fegiz and Michele Lucches 
Pp. 164, Ediziono Mediche E Scientifiche, Rome, 1955 

ANNUAL Review or Mepicine. Edited by David A. Rytand. Pp. 611, Annual Reviews 
In Stanford, California, 1956. Price, $87.00 

TUBERCULOSIS IN Opsterrics AND By George Schaefer. Pp. 307, Litth 
Brown and Company, Boston, 1956. Price $8.75 

Recenerone, lsoremenr er Erepe ou By Fernand Tison and 
Jean Audrin. Pp 104, Masson & Cie, Paris, 1956. Price. 1.000 f) 
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Cima FouNpATION Symprosium ON Histamine. Edited by G. E. W. Wolstenholme and 
Cecilia M. O'Connor. Pp. 472, Little, Brown and Company, Boston, 1956. Price 


Coxrenences D’Acruaurres Prariques: Corur et Poumons. By P. Soulie et al. Pp 
224, Masson & Cie, Paris, 1956. Price, 1,600 fr 

Conrerences D’Acruateres Pratigues: Mat pe Porr. By 8. De Séze and J. Debeyre 
Pp. 102, Masson & Cie, Paris, 1956. Price, 900 fr 

INVESTIGATIONS ON TUBERCULOSIS IN THE CounTy OF HorpaLaNnp. By 
Knut Engedal. Pp. 126, A. 8. John Griegs Boktrykkeri, Bergen, 1956. 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


NOTICES 


NEW YORK MEDICAL COLLEGE FLOWER AND FIFTH AVENUE HOSPITALS 


Postgraduate Course in Pediatric Allergy 


\ postgraduate course in pediatric allergy will be given at New York Medical College- 


Flower and Fifth Avenue Hospitals, Division of Graduate Studies, Department of Gradu 
ate Pediatrics, under the direction of Bret Ratner, M.D., Professor of Clinical Pediatrics 
and Associate Professor of Immunology, from November 7, 1956, to May 29, 1957 
Applicants must be certified in pediatrics or have the requirements for certification 
Enrollment limited 
Apply: Office of the Dean, New York Medical College, Fifth Avenue at 106th Street, 
New York 29, New York 


Research Fellowship in Pediatric Allergy available. Application should be made now 


FIRST INTER-AMERICAN CONFERENCE ON OCCUPATIONAL MEDICINE AND TOXICOLOGY 
The University of Miami School of Medicine and the University of Havana, Cuba, 


‘ 
will hold jointly the first Inter-American Conference on Occupa 


School of Medi ime 
1056 


tional Medicine and Toxicology in Miami, Florida, from September 3 to 7, 


NINTH ANNUAL SYMPOSIUM ON PULMONARY DISEASES 


Fitzsimons Army Hospital, Denver, Colorado 

The Ninth Annual Symposium on Pulmonary Diseases will be held at Fitzsimons 

Army Hospital, Denver, Colorado, September 10-14, 1956. This Symposium will be co 

sponsored by the American Trudeau Society, the University of Colorado School of Medi 
cine, and Fitzsimons Army Hospital 

Information concerning enrollment may be obtained from the University of Colorado 

Medical School or from the Program Director, Colonel James A. Wier, Fitzsimons Army 


Hospital, Denver 8, Colorado 


FORTHCOMING ANNUAL SESSIONS OF THE AMERICAN COLLEGE OF PHYSICIANS 


1957 —38th Annual Session, Boston, Mass., April 8-12. 
Richard P. Stetson, M.D., F.A.C.P., 203 Commonwealth Ave., Boston 16, Mass 
General Chairman 
Walter L. Palmer, M.D., F 


Chicago 37, Ill., President 
Edward R. Loveland, 4200 Pine St., Philadelphia 4, Pa., Executive Secretary and 


A.C_P., University of Chieago Department of Medicine, 


General Manager 
1958—39th Annual Session, Atlantic City, N. J., April 28-May 2 
James F. Gleason, M.D., F.A.C.P., 7 8. Oxford Ave., Atlantic City, N. J., General 


Chairman 
THE AMERICAN COLLEGE OF PHYSICIANS 
Schedule of Postgraduate Courses, Autumn, 1956 


The following courses have been arranged through the generous cooperation of the 
directors and the institutions at which the courses will be given. Tuition fees for all courses 


407 


wes 
BY 
. 
\ 
Ad 
‘ 
> 


will bn 
obtained through the Executive Offices of the College, 1200 Pine Street, Philadelphia 


( 
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AMERICAN TRUDEAU SOCIETY 


Members. $30.00. Non-members, $60.00. Full details of these courses may be 


ourse No. 1. Recent Apvances in CanpiovascuLar Distast \[t. Sinai Hospital, 
New York, N. ¥ Arthur M. Master, M.D., F.A.C.P., and Charles K. Fried 
berg, M.D., P.. Co-clirectors October 
ourse No. 2. Newrovoay: Jefferson Medical College of Philadelphia, 
Philadelphia, Pa.; Bernard J. Alpers, M.D., FLAC P., Direetor 
October 15019 
ourse No. 3, Mepicint Vanderbilt University School of Medicine, 
Nashville, Tenn; Rudolph H. Kampmeier, and Hugh J 
Morgan, M.D., C'o-directors October 15-19 
ourse No. 4. Recent Apvances iN INTERNAL Mepicine University of Washington 
School of Medicine, Seattle, Wash Robert H. Williams, M-_D., F.A.C.P 


Director October Aj 


No. 5. Senecrep Propiems in Mepicint University of Oklahoma 
School of Medicine, Oklahoma City, Okla. ; Stewart G Wolf, M.D., 


Director November 26 30 


ourse No. 6. Gastrno-Enrerovogy: University of Pennsvivania Graduate School 
of Medicine, Philadelphia Henry L. Boekus, Director 


, 


December 3-7 

ourse No. 7, ELecrrocaRDIOGRAPHY University of Utah College of \edicine and 
Salt Lake County General Hospital, Salt Lake City, Utah: Hans H. Heeht, 
\LD., Director December 
ourse No. Parnovoaie PaystoLoGy oF THE Biroop Dyserastas: Washington 
University School of Medicine, St. Louis, Mo.: Carl V. Moore, M.D., F.A.C.P 
William J. Harrington, M.D. (Associate), and Edward H. Reinhard, M.D 


, 


February [S-22 


(Associate), Co-directors 
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For brilliant performance 
in classroom or hall 


Choose the Kodaslide 
Signet 500 

Projector. 500 

wart lamp 

superb optical 

system with //3.5 of 
//2.8 lens. Smooth 
rapid slide-changing 


system. Price, from $72.50 


With automatic 
slide changer 


Slides are fed into the 


projector from a 36-slide 


magazine, and can be 
repeated or skipped at will 
Price, trom $82.50 


are include Federal Ta 


na are 


For top quality 
at a lower price... 


Choose the 

K odaslick 

Signet 400 

Projector. Its 
300-watt lamp and 
fine optics make it 
ideal tor use in che 
sm alle r lassroom or 


office. Price, $59.50 


With automatic slide changer 
Same slide-feeding mechanism as described above. Push-pull 
movement of changer handle projects slide, stores it 


advances magazine to next slide. Price, $69.50 


For further information see your Kodak photo 
graph dealer or write for literature 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N. Y. mane 


Serving medical progress through Photography and Radiography 


° 
How to select a New Kodaslide Projector! 
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THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


American Trudeau Society 


Medical Section— National Tuberculosis Association 


1790 Broadway, New York 19, N. Y. 


An organization of physicians interested in pulmonary and 
other thoracic diseases, with special emphasis on tuberculosis. 


APPLICATION FOR ACTIVE MEMBERSHIP 


Name 


Print name in full—firest, middle, last 


Mailing Address 


Street, eity or town state 
Place of Birth Date of Birth 
ety or town state or country 


University 


Medical! School 


Postgraduate Training 


Year graduated 


Year graduated 


Professional Societies of which a Member (local, state, and national 


Type of Practice 
title of position 


part or full time 


name of organization 


character of work —if private practice so state 


Endorsements (Two signatures of American Trudeau Society members are required.) 
This applicant is personally known to me and I recommend his election to membership in the American 


Trudeau Society 


(print or type) 


(a) Name 
Signature 


Address 


Name 


(b 


Signature 


Address 


Dues 


Membership 


Active members shall have a medical degree. The dues of the members shall cover member 
They may be specialists in thoracic diseases, ship for the calendar year ($15.00) with the excep 
physicians connected with tuberculosis hospitals tion that those of new members may for the first 
or clinies, physicians in the public health field con six months cover from July to December, inclusive 


cerned with tuberculosis control, thoracic sur ($7.50) 

geons, research workers in tuberculosis, or they Each active member will receive The American 

may be physicians interested in our objectives. Review of Tuberculosis and Pulmonary Diseases 
for twelve consecutive issues. Members will also 


Candidates for active membership shall be 
recommended by the membership committee and 
elected by the Council, or the executive Commit 
tee acting for the Council 


receive a subseription to the Bulletin of the NTA 
and to the Society's News Letter. 


I will conform to the requirements of membership if elected. 


Signature: M.D. 


Date: 


Please print name here ag you wish it to appear on your membership certifiente 


Date Notified 


Date Elected 


= 
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EMERSON 
Respiration Assistor 
IPPB 


compressor model 


needs 
NO OXYGEN 


economical for 

office, hospital 

or home use. 
= 


J. H. EMERSON CO. 
Cambridge 40, Mass. 


The Behavior of 


Pulmonary Tuberculous Lesions 
by E. M. MEDLAR, M.D. 


43 illustrations in color 


240 pages 


In this monograph, published originally as a supplement to the March issue of The Ameri 
can Review of Tuberculosis and Pulmonary Diseases, the author has brought together in 
these eleven comprehensive sections the results of a lifetime of observation and interpretation 
I. STATEMENT oF THE PRopLem. 
Il. Tae Expermentat Approacn. 
IIL. Necropsy Stupies or Human Putmonany Tusercu tosis 
1V. Discussion of Resecrep Specmmens 
Benavior or THe Tupercutous Lesion 
A Srupy or Resecrep Tusercu tosis 
Broncaiat Lesions Tusercu.osis 
TupercuLosis AND Broncniectasis 
IX. Bactertotocic Opservations 
X. Re-Examrnation or tHe Prosiem 
XL. Posrserirt 


Cloth Bound... .$2.50 each, postpaid. Paper Bound $1.50 each, postpaid. 


Send your order and payment at once to 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


1790 Broadway New York 19, N. Y. 
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to successful 
IRON THERAPY 
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IRON WITHOUT 


higher hemoglobin response 


Fergon, tablets of 5 grains, botties of 100 and 500. 
Fergon, tablets of 2'/2 grains, bottles of 100. 
Fergon elixir 6% (5 grains per teaspoonful), bottles of 16 fl. oz. 


Now 
HIGH PoTENCY Fergon Plus Improved Caplets” (Fergon with vitamin By, 


and intrinsic factor, folic acid and vitamin C; 2 Caplets 
== 1 U.S.P. oral unit of antianemia activity), bottles of 100 
and 500 easy to swallow Caplets. 
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DIFCO 


BACTO-TRYPSIN 1% for Hemagglutination 
BACTO-HEMAGGLUTINATION BUFFER 


Tue use of trypsinized red cells in Rh determinations has 
improved both the sensitivity and specificity of the test making 
the direct procedure as reliable as the more involved indirect 
antiglobulin tests. Trypsin treated erythrocytes favorably in- 
fluence the determination of the A, B, S, Le®, Le> and P factors 
as well as providing a more sensitive cell suspension for virus 
hemagglutination studies. 


Bacto-Trypsin 1% for Hemagglutination 


is a carefully standardized soluble Trypsin for conditioning 
erythrocytes for Rh determinations and other hemagglutination 
tests. Bacto-Trypsin 1% for Hemagglutination is reconstituted 
by the addition of Bacto-Hemagglutination Buffer solution, 
yielding a sparklingly clear solution equivalent in tryptic activity 
to a | per cent solution of Trypsin, Difco 1:250. 


Bacto-Hemagglutination Buffer 


rehydrated with distilled water is recommended for the prepara- | 
tion of isotonic buffered saline for use in hemagglutination li 
studies, especially for reconstituting Bacto-Trypsin 1% for 
Hemagglutination and for suspending and washing erythrocytes 
preparatory for hemagglutination, 


These reagents are supplied in companion packages con- 
taining 6 vials (10 ml.) of Bacto-Trypsin 1% and 6 vials of 
Bacto-Hemagglutination Buffer cach sufficient for preparing 
1000 ml. of buffered saline. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


DirFco LABORATORIES 
DETROIT 1, MICHIGAN 
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BETTER 

FORM 

OF 

P.A.S. 

FOR 

TREATING 
TUBERCULOSIS 


(POTASSIUM 


BETTER TOLERATED 

PASkalium largely avoids the 
common gastrointestinal upsets 
which limit the usefulness of 
para-aminosalicylic acid as well as 
its sodium and calcium salts. 
Patients with positive histories of 
intolerance to all previous P.AS. 
therapy readily tolerate full 
therapeutic dosage of PASkalium 
in most instances. ! 


HIGHER P.A.S. PLASMA LEVELS 


PASkalium is the most soluble 
P.A.S. salt known. Absorption is 
rapid and excretion predictable. 
Twelve grams daily produce and 
maintain blood levels comparable 
to those obtained with 17 grams 


of sodium P.A.S. and (theoretically) 


30 grams of P.A.S. Acid.? 


1. Molthan, L., Cohen, R. V., and 
Zarafonetis, C. J. D.: Clinical use of potassium 


para-aminosalicylate (KPAS). Am. Reo. of Teberc. 


and Pulmon, Dis, 71:220 (Peb.) 1955. 


2. Cohen, R. V., Molthan, L., and 
Zarafonetis, C. J. D.: Clinical Studies of Various 
Forms of PAS (with special reference to plasma 
concentrations). Read before the American 
Trudeau Society, Annual Meeting, Milwaukee, 
Wisconsin, May 23-27, 1955. 


NOW AVAILABLE in tablets (0.5 Gm.), 
powder, and convenient one-dose 

(3 Gm.) “Enoules”. For information, 
please write 


GLENWOOD LABORATORIES wc. Teaneck, New Jersey 
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